12 United States Patent

Yamanaka et al.

US011367380B2

US 11,367,380 B2
Jun. 21, 2022

(10) Patent No.:
45) Date of Patent:

(54)

(71)

(72)

(73)

(%)

(21)

(22)

(65)

(30)

Apr. 28, 2020

(1)

(52)

(58)

DISPLAY DEVICE USING BINARY DRIVER
HAVING SEVERAL HOLDING CIRCUITS

Applicant: SHARP KABUSHIKI KAISHA, Sakai
(JP)

Inventors: Hidekazu Yamanaka, Sakai (IP);
Yuhichiroh Murakami, Sakai1 (IP);
Shuji Nishi, Sakai (JP); Shige Furuta,
Sakai (JP); Takahiro Yamaguchi, Sakai
(JP); Yasushi Sasaki, Sakai1 (JP);
Satoshi Fujii, Sakai1 (JP)

SHARP KABUSHIKI KAISHA, Sakai
(JP)

Assignee:

Notice: Subject to any disclaimer, the term of this

patent 1s extended or adjusted under 35
U.S.C. 154(b) by 0 days.

Appl. No.: 17/235,665

Filed: Apr. 20, 2021

Prior Publication Data

US 2021/0335207 Al Oct. 28, 2021
Foreign Application Priority Data

(JP) e JP2020-079658

Int. CI.
GO09G 3/20

U.S. CL

CPC ... G09G 3/2092 (2013.01); GO9G 2300/0842
(2013.01); GO9G 2310/0286 (2013.01); GO9G
2310/04 (2013.01); GO9G 2310/08 (2013.01)

Field of Classification Search
CPC ... G09G 3/2092:; GO9G 3/32; GO9G 3/3208:;
G09G 3/3225-3291; GO9G 2300/08:

(2006.01)

G09G 2300/0809; GO9G 2300/0842;
G09G 2300/0847;, GO9G 2300/0857;

G09G 2310/02—0208; GO9G 2310/0243;
G09G 2310/0251; GO9G 2310/0264;
G09G 2310/027-0275; GO9G 2310/0286;
G09G 2310/04-063; GO9G 2310/08

See application file for complete search history.

(56) References Cited

U.S. PATENT DOCUMENTS

5,345,250 A * 9/1994 Inoue .................. G09G 3/3629
345/100
2004/0008177 Al* 1/2004 Ahn ................ G09G 3/3406
345/102
2010/0128019 Al* 5/2010 Harada ................ G09G 3/3611
345/212

2010/0295841 Al 11/2010 Matsuda et al.

FOREIGN PATENT DOCUMENTS

JP 2012-194582 A 10/2012

* cited by examiner

Primary Examiner — Nathan Danielsen
(74) Attorney, Agent, or Firm — ScienBiziP, P.C.

(57) ABSTRACT

A display device includes a pixel unit, a binary driver, and
a timing generator. The display device 1s an active matrix
display device configured to receive a data signal including
image data and other data different from the 1mage data. The
pixel unit includes a memory configured to store the 1image
data. The binary driver includes a first holding circuit
configured to hold the image data and at least one second
holding circuit configured to hold the other data. The timing

generator 1s configured to generate a drive signal used for
driving the binary driver.

15 Claims, 31 Drawing Sheets

1
/12 A
DRIVER| B e
F 3 ¥ 3
SL 13
BINARY DRIVER
ADR
CMD_MO
CMD_ACLR DATA, BSP, BCK, BCKB
GEN
14
TIMING GENERATOR
A

DATA, CLK, INITB



U.S. Patent Jun. 21, 2022 Sheet 1 of 31 US 11,367,380 B2

12 11

GATE
DRIVER| & [[T
3 T

PIXEL UNIT

BINARY DRIVER
ADR

CMD_MO
CMD_ACLR DATA, BSP, BCK, BCKB

GEN
14
TIMING GENERATOR

DATA, CLK, INITB

FIG. 1




U.S. Patent Jun. 21, 2022 Sheet 2 of 31 US 11,367,380 B2

11
VDD VDD va
GL i
ol » !_.._}
sL[ > —— ——+—1_>PIX
: 4
LA X
VSS VSS VB COM

FIG. 2



U.S. Patent Jun. 21, 2022 Sheet 3 of 31 US 11,367,380 B2

GL

1\

FIG. 3



U.S. Patent Jun. 21, 2022 Sheet 4 of 31 US 11,367,380 B2

.

£ ¥

s R AT AR AR A T A

SR
k3

- S

[

Y

KA
B

: “ =
:_‘f}

-
[}

A
;
’

=
_ 31

, Eﬁ‘h&‘nﬂ\&‘nﬂ\&‘n‘!‘h‘h"-."-."-.“"-."-.".i..'ln"-.'-.‘.i..

b e b b kL

-:-'..r-"'-h-ﬂ'-'n-nr-ﬂ""l’

-
I L Y L B AT A L gl L T B L i L i

R orTEr FIE R TR W WL W N "I T W W W T

"

KA

L
wriarim R

L

o

e,

g ;&-LL'&L\-L\-LLL‘L’L‘]L‘LLLL‘&‘L

Y

"l-'l-'l-'l-LL\-'L'\-L\-"‘-’LH\-L’L‘\-L‘L’L‘!—'\-‘L‘LL'L
i

4
r
-

-._Hﬂ'-'t.-ﬂn"h""h"ﬂa‘.

*-‘h*.t*.‘h*.“&-‘*—‘h*.ﬁ-‘*—‘h*ql*.*.*— LA T e, e, R R e, e, S T, e o R e,

11111111111111111111111111111

- ‘ Ll = o L o g I W AT B R L L L I I L B L
a

B OKE
-
'I.“I"l-"'-"l"‘-'-"l-l-l""I"''-!'-"‘-"-l-l"-'-I'll"‘!F

B
: * {3
;: }

PR I A AL R i R B i L LI L R L L L R S R R I A A

- 53 38 4

| 4‘;: . *um"}
I o o :

o &2
! } i

- < LY

B I i T T e s

RI3T

W

" : ;
B T R O TR L A R R R R Y, @
EH:E

'
/A LI B R B L LR L -

Ll ol o b

R e T o i, T S Ry

S S AT AT WAL

e R R e e

i,\\\l\ LLL LY L

S B AT WAL AT

L
4
14T 8

FYT R PETRTTETY

Ak Wl B Lgl, R R T R e Ml A o Egle et TOE RGE e B A N, B H’Hﬁﬂﬂ""“"

szj{ ]

R LR, DRRLRRY, SRR

A P R R G L B R I A AL B o B L R A L LR R R L L A L A WL LR

I
T
S
i
i

am

-5 H
- AAR AR LN L

e M W e P W P W % \.Hﬂﬁﬂuﬁ“\ﬂ“ﬂk“ﬁh?\ﬂu“ﬂk“

T T T T T T T

*ﬁl\\"h"ﬂ.\\"ﬂ.\\!ﬁ.\\‘h\\\‘h\‘,
3

N N A AT LA B A L G B DA AT T B A A R B AT AT

?m_.

Jwﬂh#lﬂ.\-“ Tl L R S MR B R Rel A BE ﬁ“ﬂr“”*ﬂuhﬁﬂ‘ﬂﬂﬂhﬁ

£

FLTETTT

W
i‘_‘; % f% L
0 43 A 3,

- <

]

H
Crals AL



US 11,367,380 B2

Sheet 5 of 31

Jun. 21, 2022

U.S. Patent

FANG

1 Ol

-y e[y -

l.l.l-.l.l.l.l.l.l.l.l.l-.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l-.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.*

M

{ 4o

E.m.mumm..ﬁ ¢ Nmm _Hﬂ..

ONEHAGE 388U

& g o N W

j

*‘1111111111111111111",

1

It ‘h‘h‘h‘h‘h‘h‘h‘h‘h‘h‘h‘h\*

RS
Sl A

853
M

100 Wi

LR

*‘h\\\‘h\\‘h\‘h‘h\\‘h\\\\‘h

o
.l.\ " 'A.-I

B T L L LU LY :'!."l."l."l."l.l\l\\l‘\l‘\l\l\l\\l\l‘\‘"

-------------.}_----------------------------

i

SN

L
*."\."\."l. e E e R e :'\."\."\."l."\."l."l."l."i."l"\."\."l.1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1’!

S T S S —

b T B R R R R R T T T e T R R R e R R R B T W B T T W Vi W Wi Wi Wi F B B W S F S WY,

Ml



U.S. Patent Jun. 21, 2022 Sheet 6 of 31 US 11,367,380 B2

VD GLR VD Vi

Y o ._
¥ X . ¥ . ; hy
* t _ ) L .
; y 2 [y
¥ 2 b ' i
. b
k %
k E
] E

ENEL D

VSS VS8




U.S. Patent Jun. 21, 2022 Sheet 7 of 31 US 11,367,380 B2




U.S. Patent Jun. 21, 2022 Sheet 8 of 31 US 11,367,380 B2

VDD VDD VDD VDD

- Related Art -




U.S. Patent Jun. 21, 2022 Sheet 9 of 31 US 11,367,380 B2

ADR[ ]=—x— ADR[ ] GSEL[ ] N }. . ’
- _ @ P GL{}

ADDRESS
DECODER

CMD_ACLR 4—"‘—“—‘—“‘!

GEN

FIG. 9



U.S. Patent Jun. 21, 2022 Sheet 10 of 31 US 11,367,380 B2

CLK GENERATION
UNIT l BCK/BCKB

INITB
13
31 33
CMD_MO
CMD_ACLR
31 34
ADRI ]
31 32
“'«.\
31 32
~SL ]
31 32
31 32
-
31
—> GEN
BDOUT
31




US 11,367,380 B2

Sheet 11 of 31

Jun. 21, 2022

U.S. Patent

|||||||||||||||||||||||||||

Q
CKB
]
INI °

DFF_CKINV
D

CLK

1

Q

D

CKB

62

INI

I
|
I
-

—
s
Q
-
s

INITE

FIG. 11



U.S. Patent Jun. 21, 2022

&)

()

Sheet 12 of 31

v /N
7 T I 1

Node?Z

Node

Node0!

D[

CK[ >
KB

CKB ‘E:}

INI[ )———

US 11,367,380 B2

FIG. 12



U.S. Patent Jun. 21, 2022 Sheet 13 of 31 US 11,367,380 B2

INITB f 1
CLK — IMM lll.

DATA [ ] CMDJADRID1 | D2 {D3 | § On-1{0On | -4 ~-{ -} - |CMDIADR[D1 | |
BCK 1 v T3] 3‘1—1_n+1 1] 1

j
(= S Ml ] e = el
8BSk l

OUTn+t
OUTn+2

OUTn+3

OUTm-2

outm-v _
BDOUT

CMD_MO st

CMD ACLR SRS "CLEAR ALL" FLAG {L: NON CLEARALL)

| I
ADR [ ] &a88msas ADDRESS USED FOR SEECIFYING GATE LINE TO'BE WRITTEN 5
SL [ ] &

f
GSEL [ ] 385naaaciss DECODED ADR[] (SELECTEDONE [SH)y x4 |
f

GLI]_ | ! | SELECTED ONE ISH

FIG. 13

"UPDATE HOLDING" FLAG (H: UPDATE)|

el DITODNARE SEQUENTIALLYHELD]  D1TODNAREHELD




U.S. Patent Jun. 21, 2022 Sheet 14 of 31 US 11,367,380 B2

NITB L ! I

Ry

DATA [ ] " JewplabrIDI [ D2 D3 [ I Ion-1Ton | - j - T -1 -IcmpfapR] D1 1 |
BCK -1 1 3 [ |

R INpELey

ort ] |
——
o I

outr5 ] ll_‘

——
| _\

OUTn+2 —_— —

S | e
OUTm~2 \
|

BDOUT l .
"UPDATE HOLDING" FLAG (L. HOLDING)

"CLEAR" FLAG (L" NON CLEARALL) %
| I

SL [ St sa8e a4 DIAT0 D ARE SEQUENTIALLY-HELD D1 TO Dn ARE HELD

| |

DECODED ADR[| (SELECTED ONE IS H) (DON'T CARE) 5f ]

| |

H i 1|

FIG. 14




U.S. Patent Jun. 21, 2022 Sheet 15 of 31 US 11,367,380 B2

INITB |

Hdll’
DATA [ ] CMD |ADR | D1 | D3 - |CMD [ADR | D1

] Ty

BCK -1 1 3
BCKB T ol __1T~> l. n , I 9
BSP ] l l 1

OUTt _____|

e
OUT3
OuT4 |—l l
QUTS ‘l‘

OUTn+.1 - ‘= \

oUT+2 =

OUTn+3
| 0
\‘\
OUTm-1 l—‘
BDOUT
CMD MO %‘W ~ "UPDATE HOLDING" FLAG (H: UPDATE) E
CMD ACLR X "CLEAR" FLAG, (H: CLEAR ALL) l
ADR [ ] 2358008080555 ADDRESS USED FOR SPECIFYING GATE LINE TO BE WRITREN (DON'T CARE o, )
SL [ ] 20RREE ’ All L !

DECODED ADR][ (¢

GL [ ] ’ AL SELE ION (ALL H} [

FIG. 15




US 11,367,380 B2

Sheet 16 of 31

Jun. 21, 2022

U.S. Patent

[ [ ]
Nulst_.l“ls....l_.l.lu..__.tun..l._- t_..-..-11_.._......1...._..51...-.....n....-.....l.._-vl...n..._.__.n..l..._rn..l. .._p.....qu.___.nul_..._..._..l_.tun..n_._-_.rlulu-_.......q_._-.r..un..__.“_.......n_._"..._..l._‘_“_..r.....1__..._..lmhnﬂﬁnk\ﬂlntunmhlunml-_l.r.ﬁ.-lulul..nu\..—............._

+ + _ _ H--

.&-\t_.lu....l...___lut_..._.n..n......n..n_..__-_._..lpl_.....n..._...._........-.n..l.

r

+ e . i 1 _._.-

25

—.-
—.-

—.-
—.-

._.- . .-_ .‘_ .‘. . o - . . - T .._.. T . ¥ .—.. .— .- . ..— ) ‘._

._.- i -_ i + + + - — ] ] ] .ﬁ.

._.- -. ‘_ -. . _ . F) 1 1 | ¥ ¥ A A -

+ +

..-.-...l_..-v.._.lu.ﬂu...n....__.n..n_...mu...l...___un..lutu._..t_.tun..n_._-_.r....nu1..1111....1._.._-_5..11.__“-_5..1.1..-_5111._._.._1--lnumﬂnhﬂtutnluﬂl-_lmnuu-_nul...__..n-._....__—t..l..... hr._.u.“

]

] -
i i 4 T + * L 1 x L i | T T r . ¥ [ A q-

—.-
—.- ﬁ_ .-_ ‘_

i
\u-\l._ lp\\n‘\ﬂﬂ\ﬂﬂkﬂ\kﬂﬁkﬂﬂ.ﬁﬂﬂﬁuﬁﬂ.-vl.......__.ﬂk....rn..n_..--...k.........l.t.._..l..l..ln._..-_.r-..l_.1..-...\11;1\..11\1;1\11.;;1»;11;«;\:&1..!1;115111;!- ....l.__t..u...L_.u .....-l.r....._—t..lu..—....r....._.‘

. + - + i I I “ “ _._." “" “" _” * * +. . “ . ." _.. .. | r r - — m .. .. .. “
Lﬁu.._..._“....,._."._-"..."l".-..:.,".-"..".,u_..,llunhhunhh____.-hu.,ﬂi.tﬂ i#.}hwhiﬁ\hﬂ.hiﬂ.}ﬁﬂhhﬂ o kbt ek nbt Lw._.......-u"u".n"..".:.“.h".:._"..:u...u"._..t ﬂ.u....."..h...u."..l.."_hl___"h...ﬂ
..... ’ L . It s oo - »r - i i - M M L. . L f f
.- 4 B | F] F] i i - A ry p . . o _ a ] F ] 1 r I ¥ | J- £

i&lh;"nwm."h.n"u"mwwmﬁiml- ".Tu".:_-"u- A= W#ihﬂih&hﬁﬂhxﬂhﬁﬂiiﬂ. .-.“1 ..."1 ..__nn 11".1....._“1.111.\..;.!1"."111\\._-1....1............,.._.._

i I + - + i I [ H.. “ . “ “_ “_ “. “ * * . “ “ _. .. _.__ r r r - 1 1 . a K| “
&11&11&111111#1#1.111 u_“. 1“1.- “ “ .Wﬂﬂhilhﬁhwﬂliﬁﬁ.uﬂihﬂ,; {alatal 26 ..__—1 Lﬁ;llf;ilwut..ﬂwwu.uww".uw.tu""uiﬂ ._.l.__-.u...?._. m.u ﬂ
¥ ¥ + + - i i . ! 1 * . i 1 k . ’ " PR PR " 1 . .

u”...”l “”._..-l.-”... l”._.._.l._.-.!._.”-.—_.._.‘....-.”... ._..“.._.._.“.l +._._“.|._.."-..._. 1&.._.._.“1.._.._.”.._..._.-.-.......1 ._.._.“._.._..-“.-_._.._.“._.....-.“._.._..-.__“._.....-._.“...._.ll._..l._.._.l._....._..l....—..‘ ._...—_.‘._......-.._.._..."..1...._.".._-.-“.

S e M A T S R T
4 F| + - + ['] [] [] 1 _ . - - 1 _.- ! 1 1 1 | ¥ ¥ [] []

.u”$._...L‘”._.._.l..._.._.I..-.lI.._..—_-_.—_._.1.-+”1._..._“._.._.“.._..-“._.+‘1.-.-1.._.._.-I._.-.H.._.._.._..-.._.+._.U._.._.._.“._.._.._.“.-.....-“...._..1“._.._.“._...._..-.“._.._..l.—.._..l......l.._.._.-_.._.._..-......-._.._.“.-.....-“."....._.“.-.._.i“

. . * * * ¢ i A ’ e , 5 I i - + + i i i _-. F - ._- ' r 1 - ¢ ¢ ! A Jd Nl
4 4. = i i i i i . | . 1 . . . | | 4 4 i i » ¥ A i i
u”... - “._..- EFAEFFESEF [ R +”—_ -, +._._“. 1”._.“.....1.“.”._. ._.“l. F -“i. - ._..“-. - -“t. + ._.”.._. - .._H._. F .-“... + ._.“..-. + .-“... [ .-.“... + .-.“.._. + .l.“....... .l...-.......l + + H.... + @ +" - ._..'..\ ._..“.-_ - .._.n..-_.._....-“_-. + .—_.“.
- - * * * i i .— __- __- _.- -_ -_ Fh + - + i ¥ ¥ _- _- ! r ! : ‘.. ¢ ¢ A .-. : .- -:
4 F| + - + ['] [] [] 1 1 ' 1 1 - ._.- r 1 T [ ¥ ¥ []
L.lltull.il.l.i.l.l..-lI.-..i.l.-ll...-..l1.__“-”--.__“-ll“lI“ill.“il.I“l.lI”.ll.lul__-I”ll - I“ .I“I.._-.I“il._-ﬁll..-“il.ll.llll.ll.l.ll.l-.ll.-llu.".Iln.".”Il”.-ll.“-.
“” “ * * * ¢ A L __- ._.- ._.- h.. .‘_ [ + + n ¥ L .- .-. .._“ .-.. “ .1. ! I.. ¢ ¥ .- . - .-.

. . + - + [] [] . 1 . 1 4 - T r ¥ i -1
._.Luull._.L‘...ll.Illn-ll.lll."..l.l—-ll...-.ll_.-_ﬂ-ll__-___-ll._h-l.l .._-I.“_._.-ll%.l.lﬂlllu..-li“ll.lnll -. .lul.l....ﬂll.I“.i.l.I" ..___.-.lH.ll._-_ullI_.__...I.—.ll."..ll.“.-llu.h.ullhu.ll%

. . + - + [] [] .— __- __- _.- .-_ m_ m. . W . i m i _- _- _- r ._.. r ¥ ¥ ._ A ..— -
4 F| + i - i i i | 1 | | | ] r i » ¥ ¥ i
' - L.ll.lil.ll.l.i.ll.-..l I.-l.lu.-.l.i_.-_u-.ll.__“-Il“ll.‘.-l-.l.luill.‘ﬂ-l |”|||+||._1.+||.I-|II-lll“.l.l.lmil.l-ll.._ﬁ ..___.-l..l.ll..__.ll I_.l.l -.ll.-.ll“."-llu.."..l I“.-ll.“-.
Fy 1” L ] L] + n, [] 1 ._.- __- i __- 't h_ .-. . H . i .._ .-.. q- _- _-. 1 r F) .l ¥ L A U A .-.
FC | N - * i - i ; ! y PN [ oy L 4 1 ’ v 3 3 1 1 1 4
|..“...l|l|_“...lllllnl - _.__rllllllllln-_....l...ln.—_.lllln.-..... |I_I.|I|l.___-..|l...l....-..|lll ...I.”.l-“illll.“l.”.lll” - |l1.l|l...l“l|l|l.'lll. l-.l - l“l ll.‘-lllll“lllﬂl“ e e lll...l..llllll—__ll...lL.ﬁ..I.Il.-_..”.lllL.q.llll.-I.t

i i + L] + .— _ .— ._.- __- ._.- m_ m_ m. r . . i _ .- _- _- _- 1 i _.. | ¥ —. - A .._ -
.‘ .‘ + L + 1 1 [ . 1 1 1 1
U SRCUCURCUD SO0 00 00 0 00 100 J00 J00 10 % GG SUY BOY WO T S OO UV SRR 0 UL - 00 -

: e A S S S S P R T R A O
4 F| + * + - P ] [ F 1 F 1 1
|L.”.l|l|_“.u.llll__-|llln.lllllu_.__.l.IL."....lllnu.lllln..“.....Ill.._._.-u.llll.__..h.llll.._._.h-ll I+...l|l e I.ﬂ.lllll”.l — + - |l1l - I‘l - l"l l...L-IlIl.-".I.l...L- .-l .-lllll.nllll. “ll...l.. "llll...ﬂllllL.u.lllll.“_....lllu."..l.l -
4 ’ ) ) i i i | | ' ., | | | r i i " ¥ ¥ 1 :

i I - - - i I I A .“ .“.. .“_ .“_ .“. * * * .n . A ! ! ’ r r r " 1 1 " ._..__ " .“__.
..uw.u.uuw.u B A ah e LN e Bl o e Sl s St T |.u - |”.| |.n.| |..“.|.|.".| |..“..| |__" - |__"..| |__". Bt e e a a as L..u R “hu -.,.__..
O T T TR TS A AL S SR IN R B

h . h + L L . 1 1 1 . - LI 1 1 .-.- 1 . r
|H.|.|.-.” - |.._....-....|.__1.|.|.__....-....L."|.|.J“.q ._.-...nl.....-“l - “l.l.....__-_.-.._-l .“._.._-....“._l - ..“.....-l.”.l |.ﬂ||-... ” " “ - |.".L.... -.l |“ |....____“. .__“... .__....l.l.u....l-..l_l....ln.ﬂ.l |"| | ““| |.““........L..“|.|..“-._...

4 ] * » i i i 1 1 1 . . 1 i : i r ¥ ¥ i

F) F) L ] + - .— .— .— .“-- ..“-- .“-- -“_ .-“_ -“. * * * - .— i _- _.- ..- r 1 P | ¥ ¥ .- .“ ." .“._-
-uw.u.uuw BRI At e e B it Ratat PR Rt ..h.-.u.h.- |.n - |.u - |." .“ . ".u |-“..| q__"..u J.u. -.q__". B e e At u.u.-.u_q --u.u e

i i L ] + L] .—. .— [] __- ._.- - _.- -_. -_ .‘. . . . i ._ .- 1 1 & ._.. 1 | [ .—.. i ._ A A -..
.-...1._...-u-.__..-“.-._..-“_-.__..-“.-._.._..".-.__.”h.ﬂ_.._.h.q._..hﬂ.-uh._l‘..h.\..l‘.-.-hh&hh.un“.-h.ﬂ..-h.h..-h.-..-._...._-...-._.._-.-._...-.-._.._-.-._.“_".-._."_"..-.__.“_" f “__-”.-._._f.-.__.“_...-.._."._..-.__.“....-.__.hq_..-._.h-._..-.._.hq_..-.ﬂ__.._.

. . . - . . 2 2 R i 1 i . . . ' ' 1
YR TR T N U A A L T T T TS U T T I T - W 4L
.-.1.._..-.1._..-u.-.._..-a.-._..-t-.._.._..“..-._-._.-.-._..l“..-.-..lh_“._..-.l‘_...-.-.ﬂ-..-.-..“.h._. ...-._..._“..._..__..-..-.._..h._-._..-. FE R RN R RE R AR AN R AN AR A .__.w._..-.....q_..-..-h.-..-._...“._. .l.__._.-
NN N NN
.-...1._..-“-.__..-“.-._..-“_-.__..-“\..__..._...1._.h.ﬂ_.._.._q.ﬂ_..._..n.-._.._..lq“.-q_..n.-._.._..L_.._.._-.L..-._..ﬂ.-._-._-..-._..-.._-....h.-._.._-.-.-..-.-.-“b.-._..“.-._."_"._-..__.“_" T .T.-...T..-.....u.. "._. .__-..m._.._-.__-.ﬂ_..-._-..- H_. ._“__._._.

I R . + I N ’ ) i YR ’ - i1 LU oS r ) I ¥ b 1 )
i Fh + I + e e 4 .0 ] + L L L ¥ A "’ L [ R T . - '
1.“__.-_1..1.%-1.1...._111+.11.1._..1.1.l“11.l“11.._.-“_“.1“11“1_1_-__."11.“._“-_“.“.111..1..1!.1.1!1..1!.1_1.-._1_1._1_1_1.“._1_1.""._1_1.""-_1_1._.-.“-_11.__.1.11.__.111._..1.111__“-1._“..“.111“.._.-1.-._“11_-..“1.1 ._.11._1-._._..1

. . + - + [] [] -—. ._.- __- . _.- m_ ﬁ_ . . 1 1 r r r- [ 4 ¥ -—. A 1 .— -
4 | * [ * . [ . LR L LI P i
_“-.-.-.i.lﬁ.ii....iii....i1.1....11.-_“11.-_“11.-._“1..1“11..-.-__-11“11..“_I1“_ _1-—1_11“.11..&..11.&..11.&-.11_111._.111__11 ﬁi!ﬂiiiﬂii._-._nlil“ii.-._“ﬂ.l.“i
A R A A R A RS

+ - + . PR . . 1 - 1 r - & . . -

_1.“__.-1.1%-1.1....111....11.._-....11._”_“11.-._“11._.-“1_“-_“__--11..-___".11_“_.--1.1.“.“_“.1.“.” _1"_1_1."_1_1.""-_1_1.""-_1_1.“._1_1._..“-_1_1._..1_1141.1%11.1“.11.“-“..“-1._-..“11_-._“11“11“.1

L ] L] L] ['] [] [] - 1 1 - - 1 1 1 r 1 1 r ¥ ¥ A .— .—

.up.-.nup.-..- ..... a. .. -..-.“-..-.l....n.n..h.n..h....-..h....-..h-...-..u._..-...“._ . .-..“...-..".. -h"_...-hq“_...-h“_...-._. ..... F e R T mh...u_n...u.n...u_n.....“.___n
R - - - |- .— |— —_- .__- . —.- P ‘._ = .-._ .—.. -. _- ' 1 4 . ._.. r " ¥ -_. _- _— .- 1-
.‘.. . .‘. ] K ] | A i Pl Pl . d FUS i " _- _- s 4 r r L ko q- A r

n.- .i.n.- At a .., a .., .. | BT —n i...-n.i...-n.i...-n.i...-._n.i...-._ .i..q.n.i..q.n.ih-_.n.ih [ i._.l.n R ii.n n.i-.i.n.i-.i.n..l-n n..__.-.n.n g n...‘._n
7 e e A A B ) A - S S A S S O

R i i . . : _ . ¢ i T S T T

A ....“._._.“-_..h..._.”,ﬁ..._.“.....;___....u....u._._“ . ..”....."_...h_"....h_“....h_".. A el S S e >3
.‘“. .-. . i M ”— i i - “ ._.__" “ .“_. n.“ .“_“ “ . - . -. " _" L) ._." 0 EE _.” o ' ‘i .- “_. .- .“

hL...-l."thH;hl.n.-...'.l.n.-..nlhl.n.-.".'.l.-_“.nu.u._.-_“."...ulu_“.h;ul“1.nl“"lul“1.nlt.1n.r-+"lult.";nl-| : .11.-! Cl skl .L.-l & "lulml"lu-"..nln!n...hl".ru-“n._.n;n.“ln;.-.ﬂulnln" .l..._...l.lu.“.hl_l..‘_..l.lﬂ

) ) + - + ) ‘_ ..‘_ ‘- " — - - _- 1 . .

.‘. .‘. * » * | i i Pl Pl o g T L . - . it 1 ! 1 I 1 4 r ¥ ¥ L L L A
Lﬁlnln.nn;nl Al g il ..l.l.l.u_“..nu.n-.-_“.nlnl-_“..nl.l“"l- “.11“.Hlu|...."l- oo g .nlulml.lul“l";n-_.“l"lu-_.“...hlnl“l.luknl.!ﬁ“ uL u.“.lnl.-.""l u." u._. .lu.“..nl_"l-."."l “__..

-+ - - ) . ) ‘. .‘. ‘ " ) [ ‘ ‘ .._ _- ._- 1 .-- . .

E I | + - + . i -y I I’ i N - " r ' 1 r F P J g ’
hL..h;n;hLHlnlnllﬁ.nﬂ .-u. .nu.-_“.nlnlu_“.nln!-_“..._l.l.._."l- s .__-."lulu._.n.'u..h__."lulu...n;- s T oy .n._.n._."l \nLﬂl .L.w... n.ﬂvl..l.k..nln!n.__._ml.lnhnln;..“ n." 1.n."hlnl..‘“.nlnlu.".hl.l.._".11u_.
i F) + L] * ”— ”— .._ “" ____" “ “_ n. “. H ...__I-I-.lilr “ “ _.- P P | -—. ¥ .- ”- “— “._._
.._.;..LL.._“......_...-.._..._....-..___r.___..-.._..._.“.-LL“.-_LL“.-LLWL..._:_-.LL‘- Fr Y Y I IR e b D -;..u.-ﬁ;.h.ﬂn.l.h-.-n.l.hhhhlh.hhh.hh P I T SRR e

K ) + - + L L] L] . s A FUR . P i i ' ] L A A A P
4 B | L ] L] ] [ ] [] ¥ - - - - - 1 _ 1 r 1 " ¥ [

.n_.?...r..n”.r..r.l..ri.l.? .l..?..?”l...r..r...-...r..r”i....r‘.-\f.?.t“...r..?“...th-.r.&h“r.&.?-_r.r.rui.?. ....—.-."..r..r..-_“_..r..r.l-...r..r.l\-.t..-.l"..t.rl.t.r.l.t.rl.t.?.li.r.'.th..'. ..?..“...t.?“.“...t..?u.h...t..-..“-..
. . + ] + .- .- .- 1- _.- _.- h_ -_ -. r . . -_ .—_ .- 1 1 1 1 | I I A L -.— qt .
4 4 * * * i i i I d g e . . L N ! [ 1 1 r ¥ ¥
L_..r..r”L”..r..r.l..r..-..l_..r.r.l.?.?.i...l.iu.-q.?.r..i....r.?“.?.r“. ..r.._._"_...r..r.-.__...rl..-_...r..-..-_..r..r”.r.?.r._..r..r...r“.r..r..-.“.rl..-.“..r..r..-.“..r..-.l-..r..r..r.-..r..rh-.t.?l.l.tl.t.?hl.?ll.r.'.t.?hl..—..h.. ..-.”.“.....-...r”.“....r..r.__‘"_.”
“.. u *. * " A A L f . . r 'y T + H s - [ ] 1 .“ .- “ ' ! ! - n ¥, _.- A .— r

. r - L L] 1 T ' - . - . 1 1 [ 1 [ 3
..“”!t.u”!!I!!l!!l!!"_.!!.-_.!!”.-_.!!__.ﬁ.!! ..-..l.q-_.-_.!t.“.__.1!“\!l.“l.!lnl!lul!ln!!-_“l!.l“!!n“l!.l“l! ! .1-_“1..1l..-.!l.l..-.l.l!ll!“_.l!“_.l!n_.l!”"_.l!”"_.l!%w

i i + Ll + .- .- .- __- __- h- -_ -_ .-. + . . i i i .- _- _- 1 1 __. [ ¥ .-. .- a a ‘-
4 4 * - * 1 1 f 1 1 1 1 1 4
..“_n.n..u”!l.”!!l.l!n.!n.l.“.n.n..-..n.n..-..n..l.‘_.i_-..n.J_”.._..n.”l.‘.__i_-..n.!T.ﬂnTn.HT!lu!n.l"!!luhn.n“.!n.-.“.n.n.n“.!ll"!ﬁn“ " -!ﬁl!wl!ﬁl!ﬁ"!!“‘!ﬁ“‘!ﬁ“‘! "...l.n..."..l.n.

L . * .ot ¥ A LR ;. s Fi i " ’ " 1 i i ‘s ' .._- * - ' * t r 1 A Ja '
4 F r * r 1 1 ' 1 1. 1. )
..“”.1t.u”!1..1t.l.l.!.n.l.!l.”“_.!t.”.-_.!t.”.-_.!l‘.__.-_.!n__.‘t.!l__-_\.!!T!!T!l.“l.!-ml..-.lnl.n..-ﬂl..-.l“l.l...__“!!-_“l!n“l!n“l!“l!h!!hl!l!!“!.!.“_.l!.“_l..!”"_.l!n"_.l ."_.l.l“.

. . * * * .- .— .— __- __- _.- [ ’ -_ -. + u.. » .- [] ] .- _- ] ! r ) " ¢ ¢ .— ..- .— .‘._
.‘ .‘ + + + 1 1 1 . ' 1 1 1
3 SRS RIS S SRR S S -w;..tw TR SRR R S S N T SRR S L P e S . ¥
4 4 F] F] - i i i - . . . - F 1 e 1 F ’ r ¥ ¥ i
R R D T S T T T T T TN T TR et ARSI T S S SR SN NE AR A S Sy S N M B
IR B B b O B SR A S A R I S R L Sl Bt A AR B S A

. . + - + .- -- .- __- __- _.- -_ -_ -. + . + .- . i .- 1 1 1 ¢ r [ [ [ .— .— ..- ‘-
.‘ .‘ + L + 1 1 _.- _- _- _

S N T Nh A
.-. .-. r + B | I | 1 Pl ] P 4 " L e . . - -. “ ._" _" .._- f t L r ] ] A A -

] P ] . on i A | i £ LR, I 1 L. - H 1 4 1 1 r - ¥ r .l.- ] .l.- -“
I A A R S i S SR A S s Rt e e e St S el Calt St J_. St Rt et B e e e s S s
. . + [ 3 + .- ] .- _.- _.- ._.- ‘_ = -_ I . . . i .— i 1 _ _ 1 _.. I [ 3 -. -. a a n- ‘-

.‘ .‘ + b + 1 1 [] . ._.- _- _.- 1
e N n.-"- - n.qn n.u.q- .n..“".- - .._____.Tﬂn..".-- - .“..n n..“..- n.L_qn B Y T O nu. - n-_. - J...n uun A o ot .“__-n
R AR A A A A A A A A R A A A A B - A A A A
g e B e S T N B s oty o ok o S SR O =

. . - Ll L] i i i ' __- ._.- ._.- -_. -._ -.. + + + i i i _- - . _.. o ._.. [ ¥ ¥ .- a A .-_
4 4 * * »- i i i 1 1 1 . . 1 1 1 i i r. r ¥ ¥ . i
A T T T - N T T T T T e A . A S S I

. ¥ - r i i i . | A ' - . - N | 4 i i i

.l.-.ﬂ.l.l.“.l.l.l.._l.ll._.lIl...l.ll.lll.wll....-.llu-_..ll--ﬁ.ll..-_..llu.“_l.l.u.“_ll|“.ll.”ll.”ll...-._ll..“..ll..“_..ll.“.l.l._-ll_."_..l.l."_.l.lnlll.__lll_I.l.ll_l lvlllvlll.ll-”_“ll-”_.ll..“l
i i + - [ ] [] .- [] .__- L ._.- -_ -_ -. + + + .-. i .- _- _- _- r r r [ [ ] [ n ] n ] .— ‘-
4 i * * i i i 1 . . ' ' . r ' r - "

B e a e e S S T e e e ST A A A &
. . - - - [] .- [l _.- ._.- _.- ’ h_ -. . 1 1 .-_ " .—_ _- _- ._- r - ' l ] ] .- .- - A 1._
1 1 - .. i i i , . ' . . . L . ¢ i

+H“. ._.._.““. + ._..-.- L] ._.H._. ++I+ + .-—... +.-.—._. ._..-—... L] “... +.“+ - “... +L‘_.—. +.“_+ + “.... +.”.+ +".+.....”+ +.“ + + " -, ._..“ * ._._“. + .-.“. -, ._._“_ -, ._.“._. + ._._.._. + +.1._. + +L+ -, +-.._. + +-.._. + ﬁ._. -, .-.."... + .-.-._. -, “...
. . * * * L A i . a0 i I i ’ + ’ i " " ‘s ‘s ‘s 1 ! - ¥ .m. d N '
.‘ L ] L] — [] [] - 1 1 1 - 1 _ r ¥ ¥

._..-l. ++*. + +.-+ + .-l.... +._.H+ + .-—... . -—... +.-.——. + ._.-... +.-‘-+.+ “... +n.+ +L‘.+ + n.._. ._.”... +H+ B+ +.".+ +." + +.“.+ +.‘. + _‘. + +_‘. + +.1._. + +_.._. + +_.._. + + + +-.+ +...“-.+ + .-.."... + .-..“... + ...."... + “...
1 1 * . * A A g T ff ) [} r + " H I i " " . r ¢ i -. ¢ ¢ A A A [y

+.‘ + +.‘ + .—_...._. + .—_._.._. + .—_._.._. + .-.- + .-—... + .-.—._. + .‘-... + ..-.—_......‘-... + ..-_._. + L_... + .L.... N N A +.1.+ ._.." + +.1..—. +_“. + .-._- + + -. + + .+ + + + + * ._.—.._. * ._.—.... + .-... + .-... * .-... + .‘...
.“__. ;i . LI ' i i A s A J ) Fl . . . IR ’ ._- 'R _- _.... _.._. _.._. l... 3 k. A ¥ L i

-’ + - r - i i . 1 ' N - . . L - . r r - 4 =4 ' I 1 1 ‘

I%Ll_.n%...l_...-._..-..l_.t._lal_.iﬁl.l_.t“ .___“.Ll_..h_“..ll_..___.".Ll_..._._".Ll_..__..“l_.l_.._“qu_..qul_.VLITLLP%L”LL?LLTLL?LL“LL _."..LL.I.LL.L.L.IFLLU&L.LtHL.lLL.LL\.-.....-L.L..—._L.L._._-L.L.u__q
. . * * * . ! ! r ) ) I * + v i .— i _- '] '] . - . 1 [y
4 F| + Ll + i i .- . _.- __- .1- -_ -_ -. . e 1 1 _ r 1 4 [ [ 3 [ A .- - a ‘-

LII-TIL.LI_{#LIL_.LL{-! .._“.Ll_..__ﬁl.l_...__.".l_.l_..___."...._. .__ﬂ .L.._-ql.._..n._-q.Ll_..t.iai.-_..Ll_._...l_.l_.i.l_.lni.l..l....l_.l_.l.i.i.llal.“_.. 1.1..1!..5..1_"...._......1.!...!ltltlhtlﬂlltllnﬂllﬂ

- L s e - M M 'l 1 1 . - _- . . LN f
. i . . . i N ' ' ' A P v ' ' ' ' '
..l_..-._.l_..l_..-n.-...l_..-._.-..l_..___“l_. .___“. .___“. ..“_..-. .l._“.l. .__.__" .l_..uu.l..l_.._“..l.l_.._-a.-h.l\..L..l_._._..l_..l_._._._.l..l_.ﬂ._.l.l_.-...l.l_.ﬂ..L.L.-.._..L.L.-...L.I..-.._..-.L..L..l_.l...-._.l.l.q..l_..-...-m...ian“.l_.lf“.l_.l.._wi_.l.._-i_.l.-i_.l..___\.

. . * * * . ! __- ._.- _.- ‘_ -_ ‘. + + + ] ] ] ] ] ] . ! A . ‘-
.‘ F| + + + i i i 1 1 1 . e 1 1 r 1 r [ ¥ ¥ a .— .-
..__....._.....L_u..._.......-L_..-_.hhhhhhﬂ\\ﬂhhﬂ\\“%hh%\“ ......._...._.......1.._..-_....__.._.q._..-_..._.......__..._.....-__-.._.....ﬂ_..._.....1_..._.....1_..._...___1_..._..-1-._..._....__-._.L1L1..1L..|;..1L1L111L1L-F1..1L_L1L1..-_..111.L_L1L1..___L_..._..._-_.._..._.._ﬁ

. . + *, * . - . & A . i 4 .. ’ + i - 1 i r ' .. L A A A £
1. - - - i i i | . . . | ... P - Fa | I — m . i ]
LLN.JLLYHH.HEH.HHL‘.HE.V.H.&.L..H.HL'HV...H.........“.........«-“_........t_..._......“._..._..-.....__.._.L....__..._......____.L..L..____..H....-__..HL.11..1..111..1%11..1L1“._...._.L."_-1_....1L_“_..1..1LHL_..Hnaﬂﬁh.ﬁ.ﬁh.&.ﬁ.ﬁ.ﬁ.ﬁ%.ﬁ.ﬁ%.ﬁ.ﬁi.ﬁ.ﬁ“

-

o
53

*‘11111111 .

GEN

BINARY DRIVER

ADR

DATA, BSP, BCK, BCKEB

- ” Vool g g g gk gk gk gN gk N N g g

Tl

CMEB MO

AGLR

L

-

Cwmb

mw
e
s
1t
ol
i1l
o
G
=
T

.

rEEEErE

T

CLK, INITS

UATA,

FIG. 16

- Related Art -



U.S. Patent Jun. 21, 2022 Sheet 17 of 31 US 11,367,380 B2

114

141

i) “ # m “ “ m‘ m .....................................................................

142
CTL CLK L ~* CMD_MO
] SV AGLE
[ 143
ADRCLK LowTeH | ADRL |

GENERRATION
UNIT




=318

..” .I 1 ] o - - *
: m
: ’

US 11,367,380 B2

o i

.
3

o al-
ANIMD 440

| 5 0!

AR0ouy

W w0 T WS e S el

"
£
P
¥
£
¥
%
¥
T
¥
F
P
i
E
t
#
#
¥
+
E
'
4
E
E
=

AMIMC 440

b g it g gy S g LE, RS Sy O o tAy B N e e i e R i R T e R e U i R S i e e o

Phi-

i e ' g i s i e o P il i e i g e il s il

Ao — S— 1l

lllllllllllllllllllllllll -

AMIAD 440

Sheet 18 of 31

i M M i i e i i T e ™ i, i i i i T T T T T T \%ﬁ»\%‘h‘n\'ﬁﬂ-ﬁl

"n"4"ﬁ\h"ﬂ."1-."ﬁ-"'1-"1-"'1-.\"ﬂ"-."'q-"'n?'d-."1-."'A"4"ﬁ"m"ﬂ."1-."ﬁn”ﬁ‘u\gh‘n‘hﬁh.\‘u‘ﬂ-h\t‘h.‘m‘n"ni‘ﬁ'h‘h‘m‘hh‘t.‘m
ALLIAALEARLAA L LR L AL Rl L ALt AR LA AR R il Lt R it it il

i i i, T T

Jun. 21, 2022

et Rl o bl el e Bl dld el At ol Tl el el el AR i el W Tl U B Sl HE Tl ol i e R e s e Gely AR e Leke el el A e Ol it Tyl el Al

$

AIOM Y

w o Pt P

|

P i T T o i o B o L ]

A LD

R A N LR A R T LR S L LU DA CAREY
-

t
¥
}
{

Fak A b L TET B O Ol Kl R R N, il A Ml R e T R A ol e R R e O S S R S T b Cally ERE e B, DR A B m r L N R RN

4 ‘.

U.S. Patent



U.S. Patent Jun. 21, 2022 Sheet 19 of 31 US 11,367,380 B2

INITR |
CLK |
DATATY _ ToMp[ADRI DY (D2 {08 | §f Jontie [ - § 1 -1 - TCMOTABR] DT { 3
SR S B
ﬁﬁﬁ{&hﬁk_m.”_w“m_fwmim_du _____________ N

BOKR BE ? | | ' 2
BSPW ,
OUT 2 e ) - ] o N
Y i? l
e

O Trevt

FFFFrFYYFrr
sl shreia e

iy By oy g B g Sy

i
OU T3 ] !l
E

h
[
o T e " T ", ", g, e ey e g el g g e v T, g e, g e g e, ; iy, S i vy, vy, Sy, el ey, vy, eyl e ey, g ey, T T T R, T . -h‘“““““mq.“im

Ghﬁ {}“M{} ?‘:“:l: :' ",?:J} h :-‘;,-}*:: :' :,: : ‘::1-"’::,;:11 oup:; ?I‘!:-"T‘E Wt 'E:n.qf.’ﬁ Hf"ﬂn T' 3 rr ;PI:J r ‘.[ "‘T'I:v &—n—E

CARALL FLAG L NONGLRSR ALY 5] ,,
o |
ALORESS USED FURSPECIEVING GATE (INE 10 B WRITIEN

}

T I R N Ty, - 1 T L L 0, T T T, T L P, T

AN DETD DY ARE SEQUENTIAUYVBELR S J’f YO L ARE HELD

'Iq.. S,y e, ey g e, e,y vyl i, ey e T, N R T T T T, TN TN SN, "N "N N, o, iy

N

%

PACQOEL

b B S S L R L

TyY
- -,,_:l-
*'5!".'.!-
;T‘;
5::-_1"1:
W |
—~
AL
o
)
.
iy
L
%
e

- Rf: ated M& -




U.S. Patent

Jun. 21, 2022 Sheet 20 of 31

US 11,367,380 B2

TR

mwmw _ 4 S I
DATA [ 3

III&MHi H"HI{
OTLK . § '

ADR CLK

N W RO

REK ™ e

------
A

. . .- ’ BT _ 1oy N ‘ - F . A A A A A A AR A R AR AR
UPDATE HOLDING' FLAG (L HOLDINGH =

RPN | B | ‘
"CLEAR® FLAG (L) NON CLEAR ALL)

Ch AGLR ;

ADR | et iG] SERESS UOE0 7O OR SPECIFYING GATE LINE TOSEWRITTEN DGR OARE) N
S EAR AR GARRVENNEN G S SLRUER NV HE G

b e e e W ma A AR A .‘___ _ E
GREL [ 1oy
GL{ ]

L | [
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘
- -
-.-fl.r.-.-i-i.1l|--i---‘-.-"'|.--r-‘l|.#.
L T Tt T Tt
iiiiiiiiii




U.S. Patent Jun. 21, 2022 Sheet 21 of 31 US 11,367,380 B2

INITE J
CUK L | U
DATATY oMplapR{DI { D2 mu' on -3 -1
etk ]
ADRCLK Vi

ROK ~y 4 b v i o3t

BOKB | 2

BSP

QUITY . ;
o1 £ 1 - S—— ‘l
QUTS.

o~
QiTn

Ol e+

'@uTm% 1‘ | |

)
BOOUT . %
ORD MO SR UPDATE ROLOING' FLAG (R UBDATE] ' N

LCLEART

UMD ACLR SN “ﬂﬁ' H GLEAR ALL; f

ADR IRt ASIRESS VG0 FOR SPROIYING BATE UINE TO B8 WRITEN (DG SARK)

]
: 3 k
N SO DEOTNIED AR
| .hf
: T T T T
i F E i iﬁni.:_ SELENTRER AL
ba w ;;

- Related Art -

FIG. 21



U.S. Patent Jun. 21, 2022 Sheet 22 of 31 US 11,367,380 B2

~ 100
{

INIT B
GLK

qqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqq

DATA ] . s
CTLGLR
ADR LK
sk 1T 5] [5]
BOKB BRI 2 4
BSP

- Related Art -

-1(

1020
NITS |

______

CLK . -- Bl
OATA [ ] CMDIADR] D1 ] D2 | D3 | D4

..................................................................................

BCK =1 ] 1 EREE

BCKE EairaiEn

BSH




U.S. Patent Jun. 21, 2022 Sheet 23 of 31 US 11,367,380 B2

DATA

BSP
CLK—* GENERATION
UNIT BCK/ECKB

INITB
N f 134
31| 32
R - )
SR| | &  LATCH
34| ;.32
=p s
- : >~ SL
<y - " 32 -
- ., LATCH |
31 ‘l 32
| SR . LATCH f’
I | . . . |
31 33
ol o gm
SR| | & LATCH CMD AGLR
’ t
LATCH ADR[]
31—
N - GEN
I BDOUT l
31

FIG. 23



U.S. Patent Jun. 21, 2022 Sheet 24 of 31 US 11,367,380 B2

INTB L ’ I T

i = - = = -

DATA [ ] D1 I D2 D3] [ lon-1]Dn jcMpJADR] - I -1 -1 -Tb1 D2 D31 |
BCK -t [ o] n-3 [ n-1] in+1l LT T
0

BCKB _ l i
OUT1 I {

|
oute | L____ { l
I

ourg |

OuT4

B — T |

\ﬁ\
OUTm-1 \_‘

BDOUT ! | |
CMD MO S R R R e A g 0 s "UPDATE HOLDING" FLAG (H: UPDATE)
) |
CMD A G LR R S e R o "CLEAR ALL" FLAG (L: NON CLEAR ALL)

ADR [ ] ZX5008 S J}’M&W!W}%:I*‘m %’} ADDRESS USJE]D FOR SPECIFYING GATE LINE TO BE WRITTEN

SL [ ] 28 DT TO D ARE SEQUENTIALLY HELD D110 Dn AREi HELD
GEN !

e e S SRSt

i '-"‘.._E
Il
. I [ ]

}

DECODED ADR[] (SELECTED ONE IS H)

I

SELECTED ONE IS H




U.S. Patent Jun. 21, 2022 Sheet 25 of 31 US 11,367,380 B2

INITB | |

CLK I ! l I l '
DATA [ ] | D1 [ D2 [ D3 Dn-1{ Dn_{CMD JADR| - !ﬂﬂ—lf

BCK -t L] 1 i
l
|

BCKB
BSP |

outi____ [
out2___ I 1§

OUT3 i B .
0UT4______________1 1_!

mmm

OuUTH

, \
\ﬂ-— —
\ﬂ-

| | -
|
OUTm-1 \_ ]

BDOUT I
CMD MO 55 R L A SRS "UPDATE HOLDING" FLAG (H: UPDATE)
OMD A C LR e e e X A RS, "CLEARALL" FLAG (H: CLEAR ALL)

| i |l

ADRT ] S S SRS S A 2 K XSSPt s st sesados] ADDRESS USED FOR SPECIFYING GATE LINE TO BE WRITTEN (DON'T CARE)

SL [ 1 S D1 10 Dn ARE SEQUENTIALLY HELD [DON:T CARE3 ’ All L

Nk
r.‘"ﬁ.*':’:.jii';;l":' st .",l'g'-l' iy 'I;;'l.' Le et :-'.'u"-'-:':"..'n‘-'- o0 :':-"":ﬂi:'i I-EL"*,'_-:-'_-';E} W

GEN !

GSEL [ ] 2&sss NSRS L ARRAE85505065%)  DECODED ADR(] (SELECTED ONE IS H) (DON'T CARE) |

GL ] I ALL SELECgTION ALL )

FIG. 25



U.S. Patent Jun. 21, 2022 Sheet 26 of 31 US 11,367,380 B2

I I S

OUTm~2
OUTm-—1
BDOUT
CMD. MO e et TR0,
CMD A C L R S R R o S o ) "CLEARALL" FLAG (L. NON CLEARALL)

A

e

L]
1
L]

g
"
voh
5
i
N
5
‘l.,l"II
{'*.
-:.:-
= ]
%
< ]
.
l
3
A
i
o
L
—
[
m
J
LA
-
Al
L
J
Tl
3
11
—=
'
G
52
_I
T
—
-
T
—]
[
3
rmi
=
AJ
_l
_|
m
=
=]
-
==
_l
2
T
~d
JT

L LI oF n ¥ 1 L w L L LT L LM L L Vo ot o
|'l"-. :: ::..:n -'."n :'..‘h_::.:;r' ] " ' (/‘L r".-\.l. .Al. r.:"'l. r".:rn‘K i"."n 'I:: "l.::.u'.:: |'l'|. !'II:: !'l":.:h: F
" -.,..'.'ni .n'n. '-"n. . lh.‘l . ’ ’ . {-,-.-"." .r'-.‘_ .-"."-\. . ﬂ‘l‘ ‘l{."ill. r l..'!. -'n. 'l.'a" ML i
.l:u" ' .lﬂ;‘lﬂ'nll p"."l o ' *’#‘.-MA 'l;{l. Pl .l}"l."r"—"':: .-"':._ "'n *y !"}:l n'l"l-'l"n Ll

AT LN LR ol e o T N I =l L= N R EY AL | =l B o e A AR Mo ag, RN R A L A T
A i . LA A  BE o ' = { AR E )R L N PRI T U R o N s A P S R
‘}, _..H" \ A ) N P . ' ' =1 : T a Ao e A PR P R R I LA RN
g Wt il A A M B e T A N P e PP L e el RN L W AR e T R T et L

RT3 LTI AN Tl M A Rt T L I

1 |

GL { ] B ] I ’




US 11,367,380 B2
N~
N
Ll

dSd — R S _-A gLINE
_— m
S m Y IN} m
- | LL
S " aXo - a0 “
2 m m
7 m o @ .‘ o a AA Lnoad
h_ ..., “
g5 | ANDID 340 6l ANDIO 440 | |
- S oo N
N B IR _
& | “
ﬂ.,, WY INI m
= A0 |—a— .A MO
— |
M08 o  a}—
ANDID 440 | |
1G- _VO m /

div

IIIIIIIIIIIIIIIIIIIII'III.II.I.I.IIIIIIIIIIIIIIIIIL

U.S. Patent



U.S. Patent Jun. 21, 2022 Sheet 28 of 31 US 11,367,380 B2

INTB L
CLK
BDOUT &

/
|
FLIP-FLOP 71 D &3 \ j
\
\
I

FLIP-FLOP71Q&]
FLIP-FLOP 73 D 3
FLIP-FLOP 73 Q 27
FLIP-FLOP 74 D ]

BSP &4

FIG. 28



U.S. Patent Jun. 21, 2022 Sheet 29 of 31 US 11,367,380 B2

INITB | l
.. e Y'

el et

DATA[] cmplADR[ DY {02 [D3 | [ BretlDn [ -f -] -1 -1 -1 - [oMDJADR[ D1 ]

BCK -t 11 3] _T-5
BCKR bt olt 21 a4t
BSP I .
QUTT

oura ____ |

OUT3 |

ouUT4 e .
OuUTS |

outn+s3 , -
OUTn+4
OUTn+5

OUTm-1
BDOUT .
CMD_MO SEESREeaieses
CMD ACLR : KA SR TR AL AR "CLEARALL" FLAG (L: NON I!)LEAR ALL)

s e | | e ——
ADR [ ] SEEESSiertdBiia{ ADDRESS USED FOR SPECIFYING GATE LINE TO BE WRITTEN T

EE OSSN . T T N L R A R N Y e e A H I A b Y RN HT el Y% ' o A T S
S [T 5o ookt D TO:Dn ARE:SEQUENTIALLY: HE LD D1 TO Dn ARE HELD S
e el F i ‘.*.l. AR el h_ﬁ. = = .‘* e gy T R e e e et o B ey to Py el oot aappn . . . PR D S S B i
GEN ____ | | } ~

#
GSEL [ 1 S ] DEGODED ADR]] (SELECTED ONE 15 H)

”_ SELECTED ONEISH |
i] i

FIG. 29

"UPDATE HOLDING® FLAG (H: UPDATE)

S

rg‘ x
. ]

GL[]




U.S. Patent Jun. 21, 2022 Sheet 30 of 31 US 11,367,380 B2

-1 -1 -T -1 -lcmplapr] D1 | |

OUTm—1

BDOUT ] !
CMD MO 2y "UPDATE HOLBlNGﬂFLA@ (L: HDLI}!NG} _
CMD ACLR Sttt "CLEAR" FLAG (L: NON CLEARALL) } s
) . | ?f g | |

ADR [ ] EErarliiiril00]  ADDRESS USED FOR SPECIFYING GATE LINE TO BE WRITTEN (DONT CARE) o

oo

— PPy P —— oy - - - AT R O E N g i et
R ] A
I e Rl ke R s Tk

2 A T T T R ¥ '--_,.:‘"-x}}* e }'f I T n HEE I L .i{-_';':_‘l_;&-;; .

i _h-r'r- .\.15‘:' l:"|-|'|-|.-- :‘:l.. |:" 1:-::.1-' Tl ....:. R AR e i"'-::"-'"' g
" e Wil .- ey, g X0 —
e =0 ol M 1 i 4 n B RH - H o ol
d I B B 2 h P i, iy W "y o L)
LI L W P B T R il A LD ITREN H LNl
- o T o ¥, 1 R '=-'-"""f'."\-.""=.:'-'- it i P - et TR R T S Y R ;
1 .

GSEL [ ] St aesss s DECODED ADR]] (SELECTED ONE 15 H) (DON'T CARE s S

GL[] I

i] i i

FIG. 30




U.S. Patent Jun. 21, 2022 Sheet 31 of 31 US 11,367,380 B2

oK LI NpEglply

DATA [ ] - ICMD|ADR] D1 1 D2 [ D3] I Bn-1bn ] -8 -1 =1 =1 =1 < IcCMDIADR] D1

BCK ST I T .

BCKE . 0 2
BSP It
OUT1 I

out2 ]

"CLEAR' FL&GI‘I (H: CLEARALL} f
ADDRESS USED FOR SPECIFYING GATE LINE TO BE WRITTEN {DON'T CARE] %‘j{ !

GSEL [ ] St S

(i - ! *WALLSELEC?@N[ALLH)I B

1! ) '

] (SELECTED ONE IS H) (DON'T CARE




US 11,367,380 B2

1

DISPLAY DEVICE USING BINARY DRIVER
HAVING SEVERAL HOLDING CIRCUITS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of priority to Japanese
Patent Application Number 2020-079658 filed on Apr. 28,
2020. The entire contents of the above-identified application
are hereby incorporated by reference.

BACKGROUND

Technical Field

The disclosure relates to a display device.

A display device, which 1s an active matrix display device
in which image data 1s included 1n senial delta and supplied
to a display driver by senal transmission, 1s disclosed 1n JP

2012-194582 A. In the display device, a first flag indicating

whether to write the 1image data to a pixel 1in the frame 1s
added to the senal data for each frame, and the display driver
extracts the first flag and the 1mage data from the serial data
using a timing of a serial clock transmitted by a wiring line
different from the serial data used for the serial transmission,
generates a mode signal that changes from a first logical
value to a second logical value 1n the frame when the flag
indicates that the image data 1s written to the pixel, uses a
timing of the serial clock to generate a timing signal as a
clock signal for operating a shiit register of a data signal line
drive provided in the display driver, generates a timing
signal for a first horizontal period of one frame period from
a timing when the mode signal changes from the first logical
value to the second logical value and a timing signal as a
clock signal for operating the shift register, and inputs the
generated timing signal to the shift register of the data signal
line driver.

SUMMARY

In the display device disclosed 1n JP 2012-194582 A, the

configuration of the timing generator that generates the
operation timing signals (clock signal, start pulse, and the
like) of the holding circuit that holds the various data
becomes relatively complicated. Consequently, there are
problems that the circuit scale of the timing generator
increases, and the period required for designing the timing
generator increases. Further, since the design of various data
holding circuits 1s required individually, there 1s a problem
that the design period 1s 1increased.

One aspect of the disclosure intends to reduce the circuit
scale and design period of a timing generator.

In order to solve the above-described problems, a display
device according to an aspect of the disclosure, which 1s an
active matrix display device configured to receive a data
signal including image data and other data different from the
image data, has a configuration including a pixel unit
including a memory configured to store the image data, a
binary drniver including a first holding circuit configured to
hold the 1image data and at least one second holding circuit
configured to hold the other data, and a timing generator
configured to generate a drive signal used for driving the
binary driver.

According to one aspect of the disclosure, 1t 1s possible to
reduce the circuit scale and design period of the timing
generator.
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2
BRIEF DESCRIPTION OF DRAWINGS

The disclosure will be described with reference to the
accompanying drawings, wherein like numbers reference
like elements.

FIG. 1 1s a diagram 1llustrating an overall configuration of
a display device according to a first embodiment of the
disclosure.

FIG. 2 1s a diagram 1llustrating an example of a circuit
configuration of one pixel provided 1n a pixel unit according
to the first embodiment of the disclosure.

FIG. 3 1s a timing chart illustrating an operation of a pixel
circuit mcluded 1n the pixel umit according to the first
embodiment of the disclosure.

FIG. 4 1s a diagram 1llustrating an example of a configu-
ration of a binary driver according to the related art.

FIG. 5 1s a diagram 1llustrating an example of a circuit
configuration of one of a plurality of stages of latches
included 1n the binary driver according to the related art.

FIG. 6 1s a diagram 1llustrating an example of a circuit
configuration of one ol a plurality of stages of interior
latches constituting one latch according to the related art.

FIG. 7 1s a diagram 1llustrating an example of a circuit
configuration of a shift register included 1n the binary driver
according to the related art.

FIG. 8 1s a diagram 1llustrating an example of a circuit
configuration of a set-reset flip-flop included in the binary
driver according to the related art.

FIG. 9 1s a diagram 1llustrating an example of a circuit
configuration of a gate driver according to the first embodi-
ment of the disclosure.

FIG. 10 1s a block diagram 1llustrating a configuration of
main portions of a binary driver and a timing generator
according to the first embodiment of the disclosure.

FIG. 11 1s a diagram 1llustrating an example of a circuit
configuration of a clock generation unit according to the first
embodiment of the disclosure.

FIG. 12 1s a diagram 1llustrating an example of a circuit
configuration of a thip-tflop according to the first embodiment
of the disclosure.

FIG. 13 1s a timing chart when the display device accord-
ing to the first embodiment of the disclosure executes data
update.

FIG. 14 1s a timing chart when the display device accord-
ing to the first embodiment of the disclosure executes data
holding.

FIG. 15 1s a timing chart when the display device accord-
ing to the first embodiment of the disclosure executes
“clear” for all data.

FIG. 16 1s a diagram 1illustrating an overall configuration
of a display device according to the related art.

FIG. 17 1s a block diagram 1llustrating a configuration of
main portions of the binary driver and a timing generator
according to the related art.

FIG. 18 1s a diagram 1llustrating an example of a circuit
configuration of a clock generation unit according to the
related art.

FIG. 19 1s a timing chart when the display device accord-
ing to the related art executes data update.

FIG. 20 1s a timing chart when the display device accord-
ing to the related art executes data holding.

FIG. 21 1s a timing chart when the display device accord-
ing to the related art executes “clear” for all data.

FIG. 22A 1s a diagram 1n which a part of the timing chart
of the display device according to the related art.
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FIG. 22B 1s a diagram in which a part of the timing chart
of the display device according to the first embodiment of

the disclosure. FIGS. 22A and 22B are arranged one above
the other.

FI1G. 23 1s a block diagram 1llustrating a configuration of
main portions of a binary driver and the timing generator
according to a second embodiment of the disclosure.

FIG. 24 1s a timing chart when a display device according,
to the second embodiment of the disclosure executes data
update.

FIG. 25 15 a timing chart when the display device accord-
ing to the second embodiment of the disclosure executes
“clear” for all data.

FIG. 26 1s a timing chart when the display device accord-
ing to the second embodiment of the disclosure executes
data holding.

FIG. 27 1s a diagram 1llustrating an example of a circuit
configuration of a clock generation unit according to a third
embodiment of the disclosure.

FIG. 28 1s a ttiming chart illustrating an operation of the
clock generation unit according to the third embodiment of
the disclosure.

FIG. 29 1s a timing chart when a display device according,
to the third embodiment of the disclosure executes data
update.

FI1G. 30 1s a timing chart when the display device accord-
ing to the third embodiment of the disclosure executes data
holding.

FIG. 31 1s a timing chart when the display device accord-

ing to the third embodiment of the disclosure executes
“clear” for all data.

DESCRIPTION OF EMBODIMENTS

First Embodiment

Configuration of Display Device 1

FI1G. 1 1s a diagram illustrating an overall configuration of
a display device 1 according to a first embodiment of the
disclosure. The display device 1 1s achieved as various
display devices having a display function, such as a liquid
crystal display device and an organic electroluminescence
(EL) display device. As illustrated 1in FIG. 1, the display
device 1 includes a pixel unit 11, a gate driver 12, a binary
driver 13, and a timing generator 14. The pixel unit 11 1s an
active matrix pixel unit including at least a plurality of
pixels, a plurality of gate lines, and a plurality of source
lines. The pixel unit 11 15 also a pixel unit having a static
random access memory (SRAM) configuration. The gate
driver 12 supplies a gate signal GL to each gate line of the
pixel unit 11. The binary driver 13 supplies a binary source
signal SL to each source line of the pixel umit 11. The timing
generator 14 provides the binary driver 13 with a data signal
DATA containing an image data and at least one other data
different from the image data. The timing generator 14
receives the data signal DATA together with a clock CLK
and a chip select signal INITB from a host device such as a
central processing unit (CPU) provided outside the display
device 1. The transmission method of each signal from the
host device to the timing generator 14 1s serial transmission
or parallel transmission.

In the present embodiment, a data width of the data signal
DATA transmitted from the host device for each clock 1s the
same as a data width of the binary driver 13. However, the
data width of the data signal DATA transmitted for each
clock 1s not limited thereto, and may be smaller than the data
width of the binary driver 13. In this example, the display
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device 1 further includes a conversion circuit that converts
the data width of the data signal DATA by, for example, a
serial-parallel conversion method, at the inlet of the timing
generator 14. In this example, the display device 1 further
includes a clock frequency-dividing circuit that outputs a
pulse each time the data signal. DATA corresponding to the
data width of the binary driver 13 1s collected, at the inlet of
the timing generator 14. Then, the display device 1 supplies
the data signal DATA converted to the same data width as the
data width of the binary driver 13 and the frequency-divided
clock signal, as the data signal DATA and the clock signal
for the circuit after the binary driver 13.

FIG. 2 1s a diagram 1llustrating an example of a circuit
configuration of one pixel provided in the pixel unit 11
according to the first embodiment of the disclosure. FIG. 3
1s a timing chart illustrating an operation of the pixel circuit
included in the pixel unit 11 according to the first embodi-
ment of the disclosure. Each pixel of the pixel unit 11 1s
configured as a pixel circuit of a memory (SRAM). The gate
signal GL and the source signal SL are mputted to the pixel
circuit. When the gate signal GL becomes high potential (H
potential), the source signal SL 1s inputted to the pixel
circuit. In this way, the SL s1gnal 1s stored in the pixel circuit.
When the gate signal GL becomes low potential (L poten-
tial), the state 1 the pixel circuit 1s fixed. A potential VA or
a potential VB 1s constantly outputted to a pixel electrode
PIX. In the example of FIG. 2, a switch for the gate line 1s
a negative-channel metal oxide semiconductor (NMOS)
switch. The switch for the gate line 1s not limited thereto, and
may have a complementary metal oxide semiconductor
(CMOS) switch configuration. In the example of FIG. 2, a
switch for the potential VA and a switch for the potential VB
are the CMOS switches. These switches are not limited
thereto, and may be NMOS switches. In the pixel unit 11, the
pixel circuits 1llustrated 1n FIG. 2 are arranged in a matrix.

FIG. 4 1s a diagram 1illustrating an example of a configu-
ration of a binary driver according to the related art. Each
stage of the binary driver 1s basically constituted of a shift
register and a latch corresponding to a data width. The latch
operates the output as a holding control signal. Here, the data
width 1s an integer equal to or greater than 1. FIG. § 15 a
diagram 1llustrating an example of a circuit configuration of
one of a plurality of stages of latches included 1n the binary
driver according to the related art 1llustrated 1n FI1G. 4. FIG.
6 1s a diagram 1illustrating an example of a circuit configu-
ration of one of a plurality of stages of interior latches
constituting one latch according to the related art i1llustrated
in FIG. 5. FIG. 7 1s a diagram 1illustrating an example of a
circuit configuration of one shift register included 1n the
binary driver according to the related art 1llustrated in FIG.
4. FIG. 8 1s a diagram 1llustrating an example of a circuit
configuration of one set-reset tlip-tflop included 1n the binary
driver according to the related art illustrated in FIG. 4.

As 1illustrated 1n FIG. 4, the shift register in each stage
included 1n the binary driver operates based on a start pulse
signal BSP, a clock signal BCK, and a clock signal BCKB
supplied from the timing generator. The clock signal BCKB
1s an mverted signal of the clock signal BCK. The start pulse
signal BSP 1s mputted to an S mput of the shift register 1n
a first stage. The clock signal BCK 1s inputted to a CK 1nput
of each shift register 1n odd-numbered stages and a CKB
input of each shift register in even-numbered stages. The
clock signal BCKB 1s mputted to a CKB input of each shaft
register 1n odd-numbered stages and a CK 1nput of each shift
register 1n even-numbered stages. The signal outputted from
an OUT output of the shift register 1n the previous stage 1s
inputted to the S iput of each shift register in the second and
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subsequent stages. The signal outputted from the OUT
output of the shiit register in the subsequent stage 1s inputted
to an R 1nput of each shiit register from the first stage to the
one stage before the final stage. The signal outputted from
the OUT output of the shift register 1n the final stage 1s
inputted to the R input of the shift register in the final stage.

The period from the rising edge to the falling edge of the
clock signal BCK and the period from the rising edge to the
falling edge of the clock 51gnal BCKB are both set as one
cycle. The shift register in each stage executes a shift
operation for each timing of both the rising edge of the clock
signal BCK and the falling edge of the clock signal BCKB.
Further, the shift register in each stage executes the shiit
operation for each timing of both the falling edge of the
clock signal BCK and the rising edge of the clock signal
BCKB. In either case, by the shift operation, pulses are
sequentially outputted from the OUT output and the OUTB
output of the shift register in each stage. The latch 1n each
stage holds the value of the data signal corresponding to the
data width by using each pulse inputted from the corre-
sponding shift register. Consequently, the value of the data
signal DATA 1s held 1n the latch 1n each stage at the timing
of being sequentially shifted by one cycle from the start
pulse signal BSP. All source signals SL are fixed to a low
value (L value) regardless of the value of the latched data
when a “clear all” flag CMD_ACLR 1s H.

Each of the rear stages of the circuit illustrated in FIG. 4
1s a dummy stage for timing generation, and 1s constituted
only of shiit registers that do not have latches. At each rear
stage, a signal BDOU'T and a signal GEN are generated. The
signal BDOU'T functions as a trigger for the start pulse BSP
to start capturing the next image data. The signal GEN
enables the output of the gate signal GL when an “update

holding” flag CMD_MO0 has the high value (H value). When
the CMD_MO0 has the L wvalue, the signal GEN 1s not
generated, so that the output of the gate signal GL 1s not
enabled. Accordingly, pixel writing 1s not performed. The
GEN signal becomes valid at the timing of the stages from
the first stage to the one stage before the final stage 1n the
dummy stages. Not limited to this timing, the GEN signal
may be valid at a timing different from this timing.

FIG. 9 1s a diagram 1illustrating an example of a circuit
configuration of the gate driver 12 according to the first
embodiment of the disclosure. The gate driver 12 receives an
address signal ADR] ] from the binary driver 13 and binary
decodes the address signal ADR[ | to generate a binary
decoded signal GSEL[ ]. The gate driver 12 sets the gate
signal GL selected by the binary decoded signal GSEL] | to
the H value while the GEN signal has the H value. When the
CMD_ACLR has the H value, the gate driver 12 selects all
the gate signals GL. The gate driver 12 sets all the gate
signals GL to the H values while the GEN signal has the H
value. At this time, since the binary driver 13 sets all the
source signals SL to the L values, the L values are written to
all the pixels. In this way, the gate driver 12 generates the
gate signal GL by binary decoding the address signal ADR]
]. Not limited thereto, the gate driver 12 may generate the
gate signal GL by a gate scanning circuit.

FIG. 10 1s a block diagram 1llustrating a configuration of
main portions ol the binary driver 13 and the timing gen-
erator 14 according to the first embodiment of the disclosure.
As 1llustrated in this figure, the timing generator 14 imncludes
a clock generation umit 41. As illustrated in FIG. 10, the
timing generator 14 receives the data signal DATA together
with the clock CLK and the chip select signal INITB from
the host device such as the CPU provided outside the display
device 1. The data signal DATA includes image data D1 to
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Dn (n 1s a positive mteger), and command data (tlag) CMD
and address data ADR that are different from the 1mage data
D1 to Dn. The command data CMD 1s data that specifies the
operation of the display device 1. Specifically, the command
data CMD 1s data that specifies any one of an update
operation, a holding operation, and a “clear all” operation of
the 1mage data D1 to Dn. The address data ADR 1s data that
specifies a line 1n which the image data D1 to Dn are written
in the pixel unit 11. The transmission method of each signal
from the host device to the timing generator 14 1s serial
transmission or parallel transmission. In the present embodi-
ment, the timing generator 14 receives each signal having
the same data width as the data width of the binary driver 13
by the parallel transmission, and outputs a drive signal for
driving the bmary driver 13 together with the data signal
DATA having the same data width as the data width of the
binary driver 13 to the binary driver 13.

As 1llustrated i FIG. 10, the binary driver 13 includes a
plurality of shift registers 31, a plurality of latches 32 (first
holding circuit), a latch 33 (second holding circuit), and a
latch 34 (second holding circuit). In the example 1llustrated
in FIG. 10, 1t 1s assumed that the number of the plurality of
shift registers 31 1s m (m 1s an integer greater than n). The
plurality of shift registers 31 constitute a plurality of stages
of shift registers. The latches 32 to 34 constitute a plurality
ol stages of latches.

The first latch 33 to the final stage (mth stage) latch 32
output, in order, signals OUT1, OUT2, OUT3, ... OUTm,
respectively. The latch 33 and the latch 34 are arranged in
the stages 1n front of the latches 32. More specifically, the
latch 33 and latch 34 are incorporated in the binary driver 13
as the latches 1n the first two stages (first stage and second
stage) among the latches 1n the respective stages in the
binary driver 13. The circuit configurations of the latches 33
and 34 are the same as the circuit configuration of the latch
according to the related art illustrated in FIG. 6. The circuit
configurations of the shiit registers 31 1n the first stage and
the second stage connected to the latches 33 and 34, respec-
tively, are the same as the circuit configuration of the shift
register 1llustrated in FIG. 7. The configuration of the portion
of the binary driver 13 excluding the latches 33 and 34 and
the two shift registers 31 connected to the latches 33 and 34
1s the same as the configuration of the binary driver 1llus-
trated in FIG. 4.

The latch 33 generates the ‘“update holding” flag
CMD_MO0 and the *“clear all” flag CMD_ACLR by using the
command data CMD included in the data signal DATA
inputted from the timing generator 14. The latch 34 gener-
ates the address signal ADR| | by using the address data
ADR 1ncluded in the data signal DATA mputted from the
timing generator 14. The data width of the latch 33 may be
the same as the data widths of the latches 32 in the other
stages. Alternatively, the data width of the latch 32 may be
a required data width according to the data width of the
command data CMD that the latch 33 needs to hold. The
data width of the latch 34 may be the same as the data width
of the latches 32 in the other stages. Alternatively, the data
width of the latch 34 may be a required data width according
to the data width of the address data ADR that the latch 34
needs to hold.

In the present embodiment, the latch 33 and the latch 34
are incorporated in the binary driver 13. Thus, 1t 1s not
necessary to separately provide a dedicated latch for holding
the command data CMD and a dedicated latch for holding
the address data ADR outside the binary driver 13. Further,
it 1s not necessary to provide timing generator 14 with a
circuit for generating a clock signal for driving these dedi-
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cated latches. Accordingly, as illustrated in FIG. 11, the
timing generator 34 generates only the start pulse signal
BSP, the clock signal BCK, and the clock signal BCKB as
signals for driving the binary driver 13.

FIG. 11 1s a diagram 1illustrating an example of a circuit
configuration of the clock generation unit 41 according to
the first embodiment of the disclosure. As illustrated in FIG.
11, the clock generation unit 41 mainly includes two func-
tional portions 51 and 52. The functional portion 51 1s a
portion for generating the clock signal BCK and the clock
signal BCKB for the binary driver 13. The functional portion
52 1s a portion for generating the start pulse BSP for the
binary driver 13. The functional portion 31 mainly icludes
a fhip-flop 61. The functional portion 52 mainly 1ncludes a
tlip-tflop 62, a logic circuit 63, and an OR logic circuit 64.
The flip-flops 61 and 62 are connected 1n series with each
other. Both the tlip-tlops 61 and 62 are tlip-tlops with a reset
INI that captures data at the falling edge of the clock signal
CKB. FIG. 12 15 a diagram illustrating an example of a
circuit configuration of the tlip-tlop 61 or 62 according to the
first embodiment of the disclosure. The circuit configuration
itsell 1llustrated in FIG. 12 1s a common circuit configuration
in which two stages of latches connected 1n series are
operated at the falling and rising edges of the clock signal
CLK, respectively.

The tlip-flop 61 1inverts a signal outputted from an output
Q and inputs the inverted signal to an mmput D. The tunc-
tional portion 31 toggles a value of the output Q for each
rising edge of the clock signal CLK by using the flip-flop 61.
The functional portion 51 outputs a signal from the output
by frequency-dividing the mputted clock signal CLK to two.
Consequently, the functional portion 51 outputs a signal
having the same phase as the signal outputted from the
output Q to the outside of the clock generation unit 41 as the
clock signal BCKB. The functional portion 51 further out-
puts a signal obtained by inverting the signal outputted from

the output Q to the outside of the clock generation unit 41
as the clock signal BCK.

When the chip select INI'TB 1s not selected (L value), such
as at the mitial stage of the timing generator 14, the tlip-tlop
61 1s reset. Thus, the signal outputted from the output Q has
also the L value. Consequently, the clock signal BCKB and
the clock signal BCK outputted from the clock generation
unit 41 have the L value and the H value, respectively.
Thereatter, the signal outputted from the output Q and the
clock signal BCKB are inverted as the L value, the H value,
the L value, and the like in order for each rising edge of the

clock signal CLK. On the other hand, the clock signal BCK

1s 1nverted as the H value, the L value, the H value, and the
like 1n order.

In the flip-flop 62, the H value (voltage vdd) 1s fixedly
inputted to an mput D. The functional portion 52 constitutes
a one shot circuit that outputs a signal with the L value from
the output Q by using the flip-tflop 62 only while the chip
select signal INITB 1s not selected (L value) and until the
rise of a first clock signal CLK after the selection of the chip
select signal INITB (H value). The logic circuit 63 outputs
the H value by being valid only when the signal outputted
from the output Q has the L value and the chip select signal
INITB has the H value. Since the functional portion 52
includes such a logic circuit 63, the start pulse BSP with the
IT value 1s outputted between the time when the chip select
signal INITB 1s selected and the rising edge of the clock
signal CLK. The OR logic circuit 64 outputs a signal with
the H value when either the signal BDOUT outputted from
the binary driver 13 or the signal outputted from the OR

logic circuit 64 has the H value as a trigger for starting the
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acquisition of the next data. The functional portion 52
outputs the signal outputted from the OR logic circuit 64 to
the outside of the clock generation umt 41 as the start pulse
BSP. In this way, the functional portion 52 outputs the start
pulse BSP with the H value for the next data.

FIG. 13 1s a timing chart when the display device 1
according to the first embodiment of the disclosure executes
data update. FIG. 14 1s a timing chart when the display
device 1 according to the first embodiment of the disclosure
executes data holding. FIG. 15 1s a timing chart when the
display device 1 according to the first embodiment of the
disclosure executes “clear” for all data. The clock generation
umt 41 generates and outputs the start pulse signal BSP
between the timing when the chip select signal INITB 1s
outputted and the timing when the first clock signal CLK
outputted after the chip select signal INI'TB 1s outputted.
More specifically, as 1llustrated 1n FIGS. 13 to 15, the clock
generation unit 41 outputs the start pulse signal BSP
between the rising edge of the chip select signal INITB and
the rising edge of the first clock signal CLK. Consequently,
the display device 1 can execute operations according to the
clock signal CLK, the chip select signal INITB, and the data
signal DATA at the same input timings of the respective
signals as the display device 1 of the related art.

The data signal DATA may include data other than the
command data CMD and ADR data, which are different
from the 1mage data D1 to Dn. In addition, the number of
data different from the 1mage data D1 to Dn included 1n the
data signal DATA 1s not limited to the two described above,
and may be one or three or more. Accordingly, the binary

driver 13 may incorporate a required number of latches
according to the number of data other than the image data
D1 to Dn.

Configuration of Related Art

For comparison with the first embodiment of the disclo-
sure, a display device 101 according to the related art will be
described below with reference to FIGS. 16 to 21. FIG. 16
1s a diagram illustrating an overall configuration of the
display device 101 according to the related art. As illustrated
in FIG. 16, the display device 101 includes a pixel unit 111,
a gate driver 112, a binary driver 113, and a timing generator
114. FIG. 17 1s a block diagram 1llustrating a configuration
of main portions of the binary driver 113 and the timing
generator 114 according to the related art. As 1llustrated 1n
FIG. 17, the binary drniver 113 includes a plurality of shait
registers 131 and a plurality of latches 132. The configura-
tion of the binary driver 113 1s the same as the configuration
of the binary driver according to the related art 1llustrated 1n
FIG. 4. That 1s, unlike the binary driver 13 according to the
present embodiment, the binary driver 113 does not include
a dedicated latch for holding the command data CMD and a
dedicated latch for holding the address data ADR.

As 1llustrated mm FIG. 17, the timing generator 114
includes a clock generation unit 141, a latch 142, and a latch
143. The latch 142 generates the “update holding™ flag
CMD_MO0 and the “clear all” flag CMD_ACLR by using the
command data CMD included 1n the data signal DATA. The
latch 143 generates the address signal ADR[ | by using the
address data ADR included 1n the data signal DATA.

The latch 142 and the latch 143 are disposed outside the
binary driver 113, and do not adopt a latch repetitive
structure together with respective latches 132 1n the binary
driver 113. Thus, the latch 142 requires a dedicated clock
signal CTL_CLK to drive the latch 142, and the latch 143
requires a dedicated clock signal ADR_CLK to drive the
latch 143.
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FIG. 18 1s a diagram 1illustrating an example of a circuit
configuration of the clock generation umt 141 according to
the related art. As 1llustrated in this figure, the clock gen-
cration unit 141 includes a circuit 144 for generating the
clock signal CTL_CLK and the clock signal ADR_CLK 1n
addition to a circuit for generating the start pulse BSP, the
clock signal BCK, and the clock signal BCKB. The clock
generation unit 141 further includes a circuit 143 for adjust-
ing the output timing between the clock signal CTL_CLK
and the clock signal ADR_CLK. With this configuration, the
clock generation unit 141 generates the clock signal
CTL_CLK and the clock signal ADR_CLK 1n addition to
the start pulse BSP, the clock signal BCK, and the clock
signal BCKB.

FIG. 19 1s a timing chart when the display device 101
according to the related art executes data update. FIG. 20 1s
a timing chart when the display device 101 according to the
related art executes data holding. FIG. 21 1s a timing chart
when the display device 101 according to the related art
executes “clear” for all data. As 1llustrated in FIGS. 19 to 21,
in the display device 101, the clock generation unit 41
outputs the clock signal CTL_CLK between the rising edge
of the chip select signal INI'TB and the rising edge of the first
clock signal CLK. In addition, the clock signal ADR_CLK
1s outputted between the rising edge of the first clock signal
CLK and the rising edge of the next clock signal CLK. The
timing at which the start pulse signal BSP 1s outputted 1s
immediately after the output of the clock signal ADR_CLK
1s completed.

FIGS. 22A and 22B are a diagram 1n which a part of the
timing chart of the display device 101 according to the
related art and a part of the timing chart of the display device
1 according to the first embodiment of the disclosure are
arranged one above the other. As illustrated in 1010 of FIG.
22 A, the display device 101 needs to output the clock signal
CTL_CLK and the clock signal ADR_CLK prior to the
output of the start pulse signal BSP. As 1llustrated 1n 1020 of
FIG. 22B, the display device 1 does not need to output the
clock signal CTL_CLK and the clock signal ADR_CLK.
Further, 1n the display device 1, the output timing of the start
pulse BSP 1s moved forward as compared with the output
timing of the start pulse BSP in the display device 101.
Main Operation and Elfect

Unlike the display device 101 of the related art, the
display device 1 does not include the latch 142 that indi-
vidually holds the command data CMD and the latch 143
that individually holds the address data ADR outside the
binary driver 13. Accordingly, the timing generator 14 does
not need to generate either the dedicated clock signal

CTL_CLK that drives the latch 142 or the clock signal
ADR_CLK that drives the latch 143. Consequently, unlike
the timing generator 114 of the related art, the timing
generator 14 only needs to generate the start pulse signal
BSP, the clock signal BCK, and the clock signal BCKB for
driving the binary driver 13. Thus, the circuit configuration
of the timing generator 14 can be simplified as compared
with the circuit configuration of the timing generator 114 of
the related art. This can reduce the circuit scale and design
period of the timing generator 14.

In the display device 1, since the binary driver 13 includes
the latch 33 and the latch 34, the circuit scale of the binary
driver 13 1s increased as compared with the binary driver 113
of the related art. However, the timing generator 14 does not
include the circuit 144 for generating the clock signal
CTL_CLK and the clock signal ADR_CLK, and the circuit
145 for adjusting the output timing between these clock
signals. Accordingly, the circuit scale of the display device
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1 as a whole can be reduced as compared with the circuit
scale of the display device 101 as a whole. For example, the

number of transistors required for the display device 1 can
be reduced as compared with the number of transistors
required for the display device 101. Further, since the
display device 1 does not need to adjust the output timing
between the clock signal CTL_CLK and the clock signal
ADR_CLK, the design period for such timing adjustment
can be reduced.

The structure of the shift registers 31 and the latches 32
to 34 1n the display device 1 1s the repetitive structure of the
shift register 31 and the latches 32 to 34 provided in the
binary driver 13. Accordingly, 1t 1s easier to optimize the
physical circuit wiring line 1n the display device 1 as
compared with the display device 101 having the dedicated
latches 142 and 143 according to the related art. Conse-
quently, the physical area of the wiring line region 1n the
display device 1 can be reduced. Further, since the circuit
scale of the display device 1 can be reduced, the power
consumption of the display device 1 can be reduced, and the
frame region of the display device 1 can be reduced. In
addition, since 1t 1s not necessary to provide the dedicated
latches for holding the command data CMD and the address
data ADR, respectively, outside the binary driver 13, the
design period of these dedicated latches can be reduced.

Second Embodiment

A second embodiment of the disclosure will be described
below with reference to FIGS. 23 to 26. Constituent ele-
ments having the same functions as the constituent elements
described 1n the first embodiment will be given the same
reference signs, and the description thereof will be omutted.

FIG. 23 1s a block diagram 1llustrating a configuration of
main portions of a binary driver 13A and the timing gen-
erator 14 according to the second embodiment of the dis-
closure. Although not illustrated, a display device 1A
according to the present embodiment includes the pixel unit
11, the gate driver 12, the binary driver 13 A, and the timing
generator 14. The pixel unit 11, the gate driver 12, and the
timing generator 14 according to the present embodiment
are the same as the pixel unit 11, the gate driver 12, and the
timing generator 14 according to the first embodiment,
respectively. The binary driver 13 A 1s the same as the binary
driver 13 according to the first embodiment in that the binary
driver 13 A includes the shift registers 31 and the latches 32
to 34. On the other hand, the binary driver 13 A differs from
the binary driver 13 1n that the latch 33 and the latch 34 are
arranged 1n stages behind the latches 32. That 1s, 1n the
present embodiment, the latch 33 and the latch 34 are
incorporated in the binary driver 13 A as the latches in the
last two stages among the latches 1n the respective stages 1n
the binary driver 13A.

FIG. 24 1s a timing chart when the display device 1A
according to the second embodiment of the disclosure
executes data update. FIG. 25 1s a timing chart when the
display device 1A according to the second embodiment of
the disclosure executes “clear” for all data. FIG. 26 1s a
timing chart when the display device 1A according to the
second embodiment of the disclosure executes data holding.
As 1llustrated 1n FIGS. 24 to 26, 1n the present embodiment,
the timing at which the command data CMD and the address
data ADR are fixed and held is delayed as compared with the
first embodiment. However, the command data CMD and
the address data ADR are fixed and held by the timing at
which these data are utilized. That 1s, the holding of the
command data CMD and the holding of the address data
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ADR are confirmed between the timing at which the update
or holding of the image data D1 to Dn 1s determined and the

timing at which the gate signal GL has the H value and the
image data D1 to Dn are written. Accordingly, the display
device 1A according to the present embodiment can execute
the same operation as the display device 1 according to the
first embodiment. In this manner, as long as the period for
using the data signal DATA and the command data CMD 1s
within the period for which the data signal DATA and the
command data CMD are held, the positions 1n which the
latch 33 and the latch 34 are incorporated 1n the binary driver
13 A are not particularly limited.

In the display device 1A, the positions where the latch 33
and the latch 34 are 111c0rp0rated in the binary driver 13 A are
different from those in the display device 1. However, the
display device 1A 1s the same as the display device 1 1n that
the latch 33 and the latch 34 are incorporated 1n the binary
driver 13A. That 1s, similar to the display device 1, 1t 1s not
necessary to provide, outside the binary driver 13 A, the latch
142 that individually holds the command data CMD and the
latch 143 that individually holds the address data ADR.
Accordingly, the timing generator 14 does not need to
generate either the dedicated clock signal CTL_CLK that
drives the latch 142 or the clock signal ADR__ CLK that
drives the latch 143. Consequently, unlike the timing gen-
crator 114 of the related art, the timing generator 14 only
needs to generate the start pulse signal BSP, the clock signal
BCK, and the clock signal BCKB for drniving the binary
driver 13A. Thus, the circuit configuration of the timing
generator 14 can be simplified as compared with the circuit
configuration of the timing generator 114 of the related art.
This can reduce the circuit scale and design period of the
timing generator 14.

In the display device 1A, since the binary driver 13A
includes the latch 33 and the latch 34, the circuit scale of the
binary driver 13A 1s increased as compared with the binary
driver 113 of the related art. However, the timing generator
14 does not include the circuit 144 for generating the clock
signal CTL_CLK and the clock signal ADR_CLK, and the
circuit 145 for adjusting the output timing between these
clock signals. Accordingly, the circuit scale of the display
device 1A as a whole can be reduced as compared with the
circuit scale of the display device 101 as a whole. For
example, the number of transistors required for the display
device 1A can be reduced as compared with the number of
transistors required for the display device 101. Further, since
the display device 1A does not need to adjust the output
timing between the clock signal CTL_CLK and the clock
signal ADR_CLK, the design period for such timing adjust-
ment can be reduced.

Third Embodiment

A third embodiment of the disclosure will be described
below with reference to FIGS. 27 to 31. Constituent ele-
ments having the same functions as the constituent elements
described 1n the first and second embodiments will be given
the same reference signs, and the description thereof will be
omitted.

FI1G. 27 1s a diagram 1llustrating an example of a circuit
configuration of a clock generation unit 41B according to the
third embodiment of the disclosure. Although not 1llustrated,
a display device 1B according to the present embodiment
includes the pixel unit 11, the gate driver 12, the binary
driver 13, and a timing generator 14B. Although not 1llus-
trated, the timing generator 14B includes the clock genera-
tion unit 41B.
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As 1llustrated 1n FI1G. 27, the clock generation unit 41B
includes the functional portion 51 and a functional portion
52B. The functional portion 51 1s a portion for generating the
clock signal BCK and the clock signal BCKB for the binary
driver 13. The configuration of the functional portion 51 1s
the same as that of the first embodiment. The functional
portion 52B 1s a portion at which the start pulse BSP for the
binary driver 13 1s generated. As 1illustrated 1n FIG. 27, the
functional portion 52B has a configuration in which the
circuit 144 for generating the clock signal CTL_CLK and
the clock signal ADR_CLK according to the related art 1s
added to the clock generation unit 31 according to the first
embodiment. Specifically, the functional portion 52B
includes a flip-flop 71, a logic circuit 72, a thip-tlop 73, and
a thp-tflop 74. The fhp-flop 71 and the logic circuit 72
correspond to the portion at which the clock signal
CTL_CLK 1s generated in the related art. The thip-tlop 73
corresponds to the portion at which the clock signal
ADR_CLK 1s generated 1n the related art. The flip-flop 74
corresponds to the portion at which the start pulse BSP 1s
generated 1n the related art.

FIG. 28 1s a timing chart illustrating an operation of the
clock generation unit 41B according to the third embodi-
ment of the disclosure. An inverted signal of the signal
BDOUT 1s mputted to an input D of the flip-tlop 71. While
the chip select signal INITB 1s not selected (L value) and
until the rise of the first clock signal CLK after the chip
select signal INITB 1s selected, the flip-flop 71 outputs a
signal with the L value from an output Q. The flip-flop 71
also outputs the signal with the L value from the output
while the signal BDOUT has the H value. The logic circuit
72 1s valid only when the signal outputted from the output
Q of the thip-flop 71 has the L value and the chip select signal
INITB has the H value, and generates a signal with the H
value. The logic circuit 72 outputs the generated signal with
the H value to an mput D of the flip-tflop 73. The flip-tlops
73 and 74 execute the shifting operations at the rising edge
of the clock signal CLK. The clock generation unit 41B
finally outputs a signal outputted from an output Q of the
tlip-tflop 74 to the outside of the clock generation unit 41B
as the start pulse BSP.

FIG. 29 1s a timing chart when the display device 1B
according to the third embodiment of the disclosure executes
data update. FIG. 30 1s a timing chart when the display
device 1B according to the third embodiment of the disclo-
sure executes data holding. FIG. 31 1s a timing chart when
the display device 1B according to the third embodiment of
the disclosure executes “clear” for all data. As illustrated in
FIGS. 29 to 31, 1n the present embodiment, the imput timing
of the data mgnal DATA 1s delayed as compared with the first
embodiment. Thus, even when the start pulse BSP 1s out-
putted at the same timing as the display device 101 accord-
ing to the related art, the latch 33 and the latch 34 can be
incorporated 1n the first two stages 1n the binary driver 13 as
in the first embodiment. As described above, 1n the present
embodiment, the latch 33 and the latch 34 can be provided
in the binary driver 13 without moving forward the output
timing of the start pulse BSP.

In the display device 1B, the positions where the latch 33
and the latch 34 are incorporated in the binary driver 13 are
the same as those in the display device 1 according to the
first embodiment. In other words, in the display device 1B,
similar to the display device 1 according to the first embodi-
ment, 1t 15 not necessary to provide, inside the timing
generator 143, the latch 142 that individually holds the
command data CMD and the latch 143 that individually
holds the address data ADR. In the timing generator 14B,
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unlike the timing generator 14 according to the first embodi-
ment, a circuit 44 corresponding to the circuit 144 according
to the related art 1s provided in the clock generation unit
41B. Consequently, the circuit scale of the timing generator
14B 1s larger than the circuit scale of the timing generator 14
according to the first embodiment. However, the clock
generation unit 418 does not need to output the dedicated

clock signal CTL_CLK {for driving the latch 142 and the
clock signal ADR_CLK {for driving the latch 143 to the latch
142 and the latch 143, respectively. Accordingly, the clock
generation unit 41B does not need to include the circuit 143
to adjust the output timing between these clocks. Conse-
quently, unlike the timing generator 114 of the related art,
the timing generator 14B only needs to generate the start
pulse signal BSP, the clock signal BCK, and the clock signal
BCKB for dniving the binary driver 13. Thus, the circuit
configuration of the timing generator 14B can be simplified
as compared with the circuit configuration of the timing
generator 114 of the related art. This can reduce the circuit
scale and design period of the timing generator 14B.

In the display device 1B, since the binary driver 13
includes the latch 33 and the latch 34, the circuit scale of the
binary driver 13 1s increased as compared with the binary
driver 113 of the related art. However, the timing generator
14B does not include the circuit 143 for adjusting the output
timing between the clock signal CTL_CLK and the clock
signal ADR_CLK. Accordingly, the circuit scale of the
display device 1B as a whole can be reduced as compared
with the circuit scale of the display device 101 as a whole.
For example, the number of transistors required for the
display device 1B can be reduced as compared with the
number of transistors required for the display device 101.
Further, since the display device 1B does not need to adjust
the output timing between the clock signal CTL_CLK and
the clock signal ADR_CLK, the design period for such
timing adjustment can be reduced.

Supplement

A display device according to a first aspect of the disclo-
sure, which 1s an active matrix display device configured to
receive a data signal mncluding image data and other data
different from the image data, has a configuration including
a pixel unit including a memory configured to store the
image data, a binary dnver including a first holding circuit
configured to hold the image data and at least one second
holding circuit configured to hold the other data, and a
timing generator configured to generate a drive signal used
for driving the binary dniver.

The display device according to a second aspect of the
disclosure may have a configuration in which, in the first
aspect, the timing generator generates a start pulse for the
binary driver between a timing at which a chip select signal
1s outputted, and a timing at which a first clock signal
outputted after the chip select signal 1s outputted.

The display device according to a third aspect of the
disclosure may have a configuration in which, in the first or
second aspect, a data width of the data signal and a data
width of the binary driver are different.

The display device according to a fourth aspect of the
disclosure may have a configuration in which, 1n any one of
the first to thurd aspects, the second holding circuit 1s
arranged 1n a stage before the first holding circuait.

The display device according to a fifth aspect of the
disclosure may have a configuration in which, 1n any one of
the first to thurd aspects, the second holding circuit 1s
arranged 1n a stage behind the first holding circuait.

The display device according to a sixth aspect of the
disclosure may have a configuration, 1n any one of the first

10

15

20

25

30

35

40

45

50

55

60

65

14

to fifth aspects, in which the other data 1s address data used
for specitying a line in which the image data 1s written, and
the second holding circuit generates an address signal by
using the address data, and further including a gate driver
configured to generate a gate signal by binary decoding the
address signal.

The display device according to an seventh aspect of the
disclosure may have a configuration in which, 1n any of the
first to fifth aspects, the other data 1s command data used for
specilying any one of an update operation, a holding opera-
tion, and a “clear all” operation of the image data.
Additional Items

The disclosure 1s not limited to each of the embodiments
described above, and various modifications may be made
within the scope of the claims. Embodiments obtained by
appropriately combining technmical approaches disclosed 1n
cach of the different embodiments also fall within the
technical scope of the disclosure. Furthermore, novel tech-
nical features can be formed by combining the technical
approaches disclosed 1n the embodiments.

While preferred embodiments of the present invention
have been described above, it 1s to be understood that
variations and modifications will be apparent to those skilled
in the art without departing from the scope and spirit of the
present invention. The scope of the present invention, there-
fore, 1s to be determined solely by the following claims.

The mvention claimed 1s:

1. A display device that 1s an active matrix display device
configured to receive a data signal including image data and
other data different from the image data, the display device
comprising;

a pixel unit including a memory configured to store the

image data;

a gate driver configured to supply a gate signal to the pixel
unit;

a binary driver including a first holding circuit configured
to hold the image data and at least one second holding
circuit configured to hold the other data that 1s output-
ted to the gate driver; and

a timing generator configured to generate a drive signal
used for driving the binary driver.

2. The display device according to claim 1,

wherein the timing generator generates a start pulse for
the binary driver between a timing at which a chip
select signal 1s outputted, and a timing at which a first
clock signal 1s outputted after the chip select signal 1s
outputted.

3. The display device according to claim 1,

wherein a data width of the data signal and a data width
of the binary driver are different.

4. The display device according to claim 1,

wherein the other data 1s address data used for specitying
a line 1n which the image data 1s written,

the at least one second holding circuit generates an
address signal by using the address data, and

the gate driver 1s configured to generate the gate signal by
binary decoding the address signal.

5. The display device according to claim 1,

wherein the other data 1s command data used for speci-
fying any one of an update operation, a holding opera-
tion, and a “‘clear all” operation of the image data.

6. A display device according to claim 1, that 1s an active
matrix display device configured to receive a data signal
including 1image data and other data different from the image
data, the display device comprising:

a pixel unit including a memory configured to store the

image data;
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a binary driver including a first holding circuit configured
to hold the image data and at least one second holding
circuit configured to hold the other data; and

a timing generator configured to generate a drive signal

16

a pixel unit including a memory configured to store the
image data;

a binary driver including a first holding circuit configured
to hold the image data and at least one second holding

used for driving the binary driver, 5 circuit configured to hold the other data; and
wherein the at least one second holding circuit 1s arranged a timing penerator confignred to generate a drive signal
in a stage before the first holding circuait. used for driving the binary driver
7 Tl}e .dlsplay device according to claim 6, Wh@f@ll} wherein the at least one second holding circuit 1s arranged
the timing generator generates a start pulse for the binary - stace hehind the first holdine cireuit
driver bZ[weeclil § t-i m.i ng at Wﬁi-czl ? %hip STIB‘E s?gnall is " 12. The digsplay device according tf claim il wherein
tputt { { I { ' "
zﬁtgﬁttZdj aaflser ih;nlll?j% 2e1§ctl Cs;gialriss Zli;u;;gdﬂa > the timing generator generates a start pulse for the binary
8. The display device according to claim 6 | driver between a timing at which a chip select signal 1s
wherein a data width of the data signal and a data width zﬁtgﬁgzg’ aaf{[fr E’;‘[l;[;nzlhnli asi;:gz?gi aﬁlr ?; Zﬁ;ﬁilegdﬂal 1S
{ the bi dri different. .
9 %he Zisélllg,y de;::eer aagforililf;’sj claim 6 P 13. The display device according to claim 11,
wherein the other data 1s address data used for specifying Whefreiln d Flata Wdlr(_lth of thz_%‘ilta signal and a data width
a line in which the image data is written, and 140TL:£ISI§g d;:irea;scoll'dieézn’; i 11
the at least one second holding circuit generates an o . ’ .y
address signal by using the address data, the display »g Whaeli iell11; tlille‘;g::; (Etea iﬁlzggrzzfadgiw i?ftilfog Egemfym%
device further including: ;
A gaf: lcfi:;ver coillilélgrflaldltlgggenerate a gate signal by binary the at least one second holding circuit generates an
decoding the address signal. 3dd¥ess fsfﬁlal ‘bylu(sli.ng‘the address data, the display
10. The display device according to claim 6, wherein SVILE o LS. . .
wherein the other data 1s command data used for speci- >3 a gate driver configured to generate a gate signal by binary

fying any one of an update operation, a holding opera-
tion, and a *“clear all” operation of the image data.
11. A display device that 1s an active matrix display device

decoding the address signal.
15. The display device according to claim 11, wherein
wherein the other data 1s command data used for speci-

fying any one of an update operation, a holding opera-

configured to receive a data signal including image data and : : )
: 5 51098 tion, and a “clear all” operation of the image data.

other data different from the image data, the display device
comprising; £ % % k%
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